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FOREWORD

This document is a part of the final report on a "Study of the Influence of Size of a

Manned Lifting Body Entry Vehicle on Research Potential and Cost," conducted by
the Martin Marietta Corporation, Baltimore Division, for the National Aeronautics
and Space Administration, Langley Research Center, under Contract NAS 1-6209

dated April 1966. The final report is presented in eight parts:

I. Summary CR-66352

II. Research Program Experiments CR-66353

III. Flight Performance CR-66354

IV. Candidate Entry Vehicle Designs CR-66355

V. Systems Integration CR-66356

VI. Research Vehicle Size Selection and Program Definition CR-66357

VII. Selected Entry Vehicle Design CR-66358

VIII. Alternative Approaches CR-66359

The study was managed at Martin Marietta by:

Robert L. Lohman--Study Manager

Rudolph C. Haefeli--Assistant Study Manager

The principal contributors to the study were James McCown, Robert Schwab,
Ray Sorrell and James Vaeth; Mr. Louis Sheldahl also made a major contribution
to the study as Study Manager during the first quarter.
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ABSTRACT (Total Study)

This study presents data--based upon a developed logic,
task definitions, vehicle criteria, system analyses and design,

and concepts of operation and implementation--with which
the usefulness and cost of an entry flight research program
can be evaluated.

The study defines 52 specific research tasks of value in

developing operational lifting body systems, primarily for
near-earth missions. Parametric design and performance data
are evolved within a matrix of 5 vehicle sizes (with 1, 2, 4, 6

and 8 men) and 4 boosters (GLV, Titan 111-2, Titan III-5

and Saturn IB) for all flight phases, from launch to landing.

The design studies include vehicle arrangements, weight,

aerodynamic heating and subsystem details. Systems inte-

gration analyses yield both design data, subsystem tradeoffs,
and development and operations plans; and they lead, in turn,
to cost effectiveness analyses which become the primary basis

for vehicle and program selection.

A 25-foot long, 3-man vehicle weighing 12,342 pounds
is selected for a research program of 9 manned (plus 2 un-

manned) flights. This vehicle performs the maximum number
of tasks and affords the highest research value per unit cost

and the lowest cost per unit of payload in orbit; the estimated

program cost is $1 billion. A detailed preliminary design of
this vehicle is accomplished, including layout drawings and

descriptions of each subsystem to identify available hardware
as well as future options. Modifications for secondary research

objectives--rendezvous and docking and supercircular entry
--are considered.

The study also includes a brief examination of 2 smaller
unmanned vehicles as alternate approaches to reduce cost.
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SUMMARY

Part V of the final report on the "Study of the Influence of Size of a Manned

Lifting Body on Research Potential and Cost" combines systems integration

data and research program planning information to aid entry vehicle design
and costing. Mission profiles were established as a basis for design criteria
and subsystem performance requirements. A nominal 3-orbit mission has

been selected to best meet the needs for manned liftingentry vehicle research.
In a typical research flight, the entry vehicle is launched by a Titan III from

Kennedy Space Center on an azimuth of 68. 5 degrees into an elliptical 80/200
nautical miles (148/370 km) orbit. Entry is begun at an entry angle of -i. 5°

over the western Pacific Ocean after two complete orbits. The deorbit point
is varied so as to allow entry tests of various L/D ratios and crossrange

maneuvers and landing at Edwards AFB, California. Crossrange flightis
accomplished by reducing the number of orbits and/or increasing the launch
azimuth angle. Alternative return from the first, second, fourth and fifth

orbits is possible with the addition of Eglin AFB as an alternate landing site.
In the event of mission abort during ascent, the entry vehicle is separated

from the launch vehicle and glides at C L to a parachute landing at sea.
max.

Possibilities of landing in Afriea following ascent abort are avoided by using
the abort thrust in posigrade and retrograde directions. Abort from any
flightphase is followed by maneuvering of the entry vehicle to a horizontal

landing at Edwards AFB, alternate sites such as Eglin AFB, or to an emer-
gency recovery site at sea by parachute descent.

Reliability, crew safety, sequence of events, functional flow and crew
task analyses aided in the design of entry vehicle subsystems and in the
development of GSE requirements, operational plans and facility require-
ments -- all major inputs to the cost analyses. A mission reliability and
crew safety apportionment was established to help provide better balanced
subsystem designs. An overall entry vehicle reliability of 0. 95 and a crew
safety value of 0. 995 was assigned as a design goal. Following subsystem
design analysis, the selected entry vehicle design was assessed to have a
reliability of 0. 973 and a crew safety value of 0. 9954. Reliability analysis
was based on component data from Gemini spacecraft and launch vehicle,
Apollo command module and the PRIME entry vehicle.

Crew task analysis indicates that for 50 to I00 percent of the capacity of
a single crew member (depending on flight phase) is required to perform the
basic mission without research tasks. A 90 percent capacity occurs near
the first entry pull-out with the addition of a normal complement of research
tasks, a total of three crew members are required.

Development and operations plans were derived from functional flow dia-

grams, subsystem preliminary designs, sequence of events and historical
schedule performance data from several space programs. Emphasis was

placed in the integrated test program as the major pacing activity. USAF
PRIME and NASA Gemini programs were major sources for planning extrapo-

lation. A baseline program for a medium sized entry vehicle (C/3) was
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prepared and closely examined for effects of entry vehicle size and number of

research flights. No appreciable effect was seen in the development phase of

the program due to either variable. Thus, the program for the selected D/3
vehicle and the nine-manned flight plan was directly derived from the base-

line plan. The first research flight was planned to take place 35 months
after start of a six-month Final Definition Phase.

Refurbishment and recycle procedures were examined for the spacecraft.

A 51-day factory evaluation and refurbishment cycle is required with 78

additional days needed for normal factory acceptance and flight preparation
at the launch site. Three manned entry vehicles support a program of five

manned flights. The selected flight plan of nine manned flights requires

only one additional vehicle.

Facility requirements have been established for the factory, launch, and

recovery sites and world wide mission support stations. Almost all major

facilities are already in existence. New facilities and modifications

required consist of (i) Mobile Service Tower and umbilical tower modifica-

tions, (2) a data link between Titan Ill launch control center and Saturn

Central Instrumentation, (3) acquisition of a teletype link between MSC and

FRC, Edwards AFB, and (4) a UHF command transmitter and antenna at

FRC Edwards. Ground support equipment requirements were defined to the

subsystem unit level. Two complete sets and a partial set of checkout equip-

ment provide adequate support to the research program.
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I. INT RODUCTION

The purpose of the study work reported in this volume is to provide real-
istic input data for cost and research effectiveness analysis, to define impor-
tant elements of the lifting entry research program, and to provide for the
study of the necessary systems integration tools for realistic and effective
entry vehicle design.

In order to define research flight environment and to prepare mission
support plans, mission profiles and flight performance data were prepared.
This work includes the entire mission profiles from ascent through landing,
sequence of events, abort profiles, parachute recovery performance and
aerodynamic inputs to the entry vehicle.

Program plans were developed from baseline entry vehicle subsystem
designs, mission flight profiles, functional flow diagrams and research
objectives--all constrained by a definite set of guidelines and ground rules.
A baseline plan was developed early in the study to provide costing data for
the vehicle size versus research accomplishment tradeoff. It was found
at this point that entry vehicle size had little effect on this baseline plan and
the preflight development program was unaffected by the flight test program
magnitude. Consequently, this baseline plan was updated as the study yielded
more detailed information and was ultimately used as the basis for the select-
ed research program plan.

Ground support equipment and facility requirements were identified in order

to make the properly detailed costing inputs. Only minor changes to the base-
line support equipment were required for various entry vehicle sizes. Since
the Titan-III-C is a standard launch vehicle, GSE is not treated. The modifi-

cations to the selected Titan Illlaunch complex No. 40 are defined, however.

Refurbishment is given detailed treatment in this study because of the sparsity
of historical performance and cost data and because landing base recovery of

the HL-i0 entry vehicle allows full advantage to be taken of reuse.

The system integration analyses described in this report include mission
profile and flight performance functional flow diagrams, sequence of events,
hardware utilization matrix, systems interface matrix, crew task analyses
and mission reliability/crew safety apportionment and assessment. These
analyses results yield both design data and the checks and balances necessary
for uniform design comparison in the tradeoffs. They provide inputs for the
design descriptions presented in Parts IV and VII for the research planning
discussed in Part II, and for the cost and effectiveness analysis of Part ¥I.
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Code Flight condition

H Entry flying to heel of footprint using
reverse-roll modulation for maximum

heating rates and airloads.

Entry flying to near heel of footprint using
reverse- roll modulation.

Superorbital speed entry with high total
heating.

K Superorbital speed entry with high heating
rate.

S Special synergetic maneuver, but without

thrust--a skipping entry.

The recommended flight test program consists of 11 flights, 2 unmanned and

9 manned. In this program, the desired research data is accumulated by
utilizing six entry conditions (A, B, C, F, G, I) in the pattern as follows:

Flight Entry Crew Number of Launch Orbit

no. conditions status orbits azimuth, de_ inclination, deg

1 A Unmanned Suborbital Special Special
2 B Unmanned 3 65.8 35.7

3 C Manned 3 65.8 35.7

4 C Manned 3 65.8 35.7

5 C Manned 3 65.8 35.7

6 F Manned 2 65.8 35.7

7 F Manned 2 65.8 35.7

8 F Manned 2 65.8 35.7

9 G Manned 1 77.7 31.0

i0 G Manned 1 77.7 31.0

Ii I Manned 3 65.8 35.7

This flight test program can be divided into three general classes of

missions: a single special suborbital situation for systems integration demon-
stration and abort environment qualification, one orbit mission using orbits
inclined 31.05 • on which maximum crossranging capability can be demon-

strated (2 of the 11 flights), and 2 and 3 orbit missions using orbits inclined

35.7 • (8 of the 11 flights}. The majority of the entry research experiments
is conducted using the 35. 7 ° inclination.

In particular, details of the following missions are presented in the fol-
lowing analysis :

(1) A 3-orbit mission using entry condition C. This applies to the
first manned flight and also to selected subsequent flights.

4
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(2) A 1-orbit mission using entry condition G. This erossrange flight
exercises full guidance and navigation capabilities.

(3) A 15-orbit mission using entry condition C. This long duration
mission could be used, for example, to fulfill a secondary objec-
tive experiment--rendezvous and docking.

(4) Rendezvous mission.

(5) Supercircular entry velocity mission.

Ascent, entry and landing performance specifically related to the recom-
mended D/3 configuration are presented for the integrated mission profiles.
These include details of entry using entry conditions C, D (and B) and G with
selected angle-of-attack and bank angle programs. These programs relate
to the recommended primary and backup guidance systems functions described
in Part VII, Selected Entry Vehicle Design. The data apply to an oblate
rotating earth using the 1959 ARDC atmosphere.

Abort, parachute recovery, and aerodynamic interface requirements
(between entry vehicle and launch vehicle) are also discussed in this section.

A. MISSION PROFILES

1. Three-orbit Mission--Entry Condition C

This 3-orbit mission serves as the cornerstone for the entry research
flight program. It meets various range safety, crew safety and research
objectives such as:

(1) Launch within range safety launch azimuth constraints and within
ETR ascent tracking capabilities

(2) Provision for a nominal entry flight to a preselected landing site
during daylight on each orbit

(3) Provision of time after insertion into orbit for crew to prepare
for experiments (set-up, calibrate equipment)

(4) Provision for abort safety for all flight phases and on-the-pad

(5) Utilization of applicable Gemini and Apollo manned flight
operations backgrounds.

The orbit ground trace, including tracking coverage, and landing footprints
for this mission are shown in figure 2 using entry condition C. Further
tracking time coverage and an altitude profile are presented in figure 3.
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All of the network stations used in the entry research flight program are
listed in table 1, including three communications ships (communications are •
discussed in Part VII}. Continuous voice and telemetry contact is available

throughout the entire flight utilizing satellite relays.

Launch is from the Eastern Test Range (ETR) at a launch azimuth of 65.8 °
east of north for a subsequent landing at FRC (Edwards AFB) or from an alter-

native landing site near the east coast, such as Eglin AFB. The launch vehicle
(LV) is a Titan III without a transtage (Stage 3). The ascent does not require

programmed yaw steering.

The ascent trajectory using the Titan HI-2 passes just north of Bermuda.
The spent SRM's (solid rocket motors, Stage 0) are separated and impact
approximately 37 nautical miles (66.5 km) downrange. The expended Stage 1
impacts approximately 620 nautical miles (I. 15 Mm) downrange, west and
southwest of Bermuda. Bermuda is not within the impact zone for the ex-

pended Stage i. Stage 2 is inserted into orbit with the payload. A separation
velocity of about 20 fps (6.1 m/sec) from the payload provides sufficient
separation from the expended sustainer stage to preclude re-contact between
the two objects.

Time histories of ascent performance parameters are shown in a later
section. Orbit insertion is at an altitude of 80 nautical mile (148 km) (perigee
for subsequent orbits) with an overspeed to achieve a 200-nautical mile
(370 km) apogee altitude. Some pertinent insertion parameters are:

Time 470 sec after liftoff

Altitude 80 n. mi. (148 kin)

Velocity (inertial) 25 860 fps (7.9 km/sec)

Flight- path angle Zero

Latitude 32.65 ° N

Longitude 67.17°W

The insertion at 80 nautical miles (148 kin) is selected to alleviate possible
ascent abort and subsequent entry vehicle flight environments. Insertion at
higher altitudes would increase abort accelerations, loads and heating rates.
Lower altitudes may compromise ascent guidance precision and result in
excessive orbit decay rates. The apogee at 200 nautical miles (370 kin) is
selected to be substantially below radiation hazards and to alleviate require-
ments for the redundant deorbit propulsion system while providing for
multiple backup deorbit safety.

The entry vehicle_ together with the portion of the adapter containing the
deorbit motors_is separated from the launch vehicle' s upper stage (Stage 2)
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immediately after achieving orbit insertion. The initial elliptical orbital I
elements are as follows:

Perigee altitude

Apogee altitude

Inclination

Period

Eccentricity

80 n. mi. (148 km)

200 n. mi. (370 kin)

35.7 •

89.43 min. (5.36 ksec)

0. 003568

I

I

I
There are no requirements for in-orbit maneuvers, although, of course, the
attitude control system is continuously active. As the deorbit phase approaches,
the vehicle is oriented such that the deorbit thrust is applied in a retrograde
direction to decelerate the orbiting configuration. Guidance updates from
ground stations are obtained.

The deorbit occurs during the third revolution within 10 ° central angle of
apogee, near the southern tip of Africa. The thrusting requirements are
minimum and not much different for deorbits anywhere within 20 ° of apogee.
Deorbit parameters are:

I
I
I

T ime

Altitude

Latitude

Longitude

Deorbit velocity

225 min. after liftoff

192.5 n. mi. (357 kin)

29.0 ° S (geodetic)

51. 1 ° E

130 fps (39.6 m/sec)

The deorbit phase of flight includes return from the deorbit point apogee to
the atmosphere which is defined to begin at 400 000 feet (122 kin). During
this time (deorbit phase), the vehicle is oriented to its entry attitude and the
deorbit motor adapter section is jettisoned.

Entry begins northeast of Australia with the following conditions:

T im e 256 min. after liftoff

Altitude 400 000 ft (122 kin)

I

I

I

I

I

I
Flight-path angle {inertial)

Velocity (inertial)

-1.5 •

25 860 fps (7.9 km/sec)

Latitude

Longitude

5.63 ° S (geodetic)

159.3 ° E

8 °..

• o
,0,

,oo
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Time histories of entry parameters are presented in detail in a later section.
Approximately 20 minutes of flight time are available for entry experiments
in the important altitude-velocity environment between 180 000 to 300 000 feet
(55 km to 91.5 km) and between 10 000 to 25 000 fps (3.05 km/sec to 7.65
km/sec). For the present mission, using entry condition C, there are no
appreciable crossrange requirements. The orbital parameters and deorbit
position provide for a straight-in landing at FRC (Edwards AFB) 287 minutes
after liftoff. The landing footprints (fig. 1) for various lift-to-drag ratios
(L/D) show the extent of potential maneuverability. They pertain to entries
using HL-10 aerodynamics with viscous corrections and with varying angle-
of-attack during each entry to maintain the desired L/D fraction (Part III,
Flight Performance).

The anticipated communications blackout time shown in figure 3 is approx-
imately 20 minutes. It is based on conservative calculations which include
augmentations of the plasma electrons by the ablator heat protection material.

Table 2 illustrates some facets of the mission recovery plan which sub-
stantiate the selection of this mission for conducting the primary research
tasks. Although the basic mission is planned for 3 orbits with a landing at
FRC (Edwards AFB), the crossranging maneuver required to return to FRC
on the 2nd through the 5th orbits is well within the capability of the D/3 vehi-
cle. The crossrange maneuver required to land at FRC on the 4th orbit is
nearly identical to the requirement on the 3rd orbit (nominal condition), thus

providing a mission backup capability. The addition of an alternate landing
site near the east coast of the United States, such as Eglin AFB, Florida,
extends this landing capability to the 1st orbit and provides backup landing
capability on the 2nd through the 4th orbits.

Proper selection of the launch time from KSC provides a daylight recovery
capability from each orbit into one of the two identified landing sites as shown
in table 2.

TABLE 2

BASIC RESEARCH MISSION, RECOVERY PLAN

9:00 a.m. ETR Launch; i = 35.7 °

Landing
site

Prhnary:

Edwards AFB,
California

Alternate :

Eglin AFB,
Florida

Performance

parameter

Cross- n. mi.

range km

Local

landing hr:min.
time

Cross- n. mi.

range km

Local

landing hr :min.

range

Orbit Number

168

311.1

10:06 a.m.

250

463

9:26 a.m.

32O

592.6

11:40 a.m.

10

18.5

11:00 a. m.

192

355.6

1:14 p.m.

10

18.5

12:34p. m.

192

355.6

2:48p.m.

NOTE: All times are local mean solar times

250

463

2:08 p. m.
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A description of the missions for entry conditions ]B, F, and I would be

very similar to the preceding discussion for entry condition C. The medium
crossrange requirement of entry condition F is obtained by entering on the
2nd orbit. A 250-nautical mile (463 kin) crossrange maneuver is required to

return to FRC on this orbit. Entry conditions B and D are identical, except

the designation ]B refers to the unmanned flight whereas D is manned.

2. One-Orbit Mission--Entry Condition G

This mission constitutes a demonstration of the principal justification for

lifting entry vehicles, i.e., maximum practical crossrange maneuverability.
All the range safety, crew safety and research objectives discussed for the
3-orbit mission are met.

The orbit ground trace, including coverage and landing footprint for this
mission, is shown in figure 4. Launch is from ETR at a launch azimuth of
77.7 ° east of north. The Titan III launch vehicle inserts the D/3 entry vehicle

into a perigee condition at 80 nautical miles (148 km) with sufficient overspeed
to coast to a 200 nautical mile (370 kin) apogee altitude.

Deorbit occurs 46 minutes after liftoff, approximately i0 ° before first

apogee is reached.

There is a 38-minute interval between insertion and deorbit during which
time booster separation, entry vehicle altitude orientation, and guidance

checks are performed. Any "in-orbit" operations for setup and calibration
of research equipment are also performed. Although the short interval would

be unacceptable on an early flight, entry condition G is flown for the first
time on the 9th flight. The data from the first 8 flights then provide a statis-

tical and operational basis for establishing insertion parameter tolerances
and onboard guidance and navigation precision. The program then is in a

status to have a high confidence in onboard flight procedures and is less
dependent on ground update of guidance.

The deorbit point, 34 ° S latitude and 77 ° E longitude, is located about
midway between the range of tracking coverage from Tananarive and Carnarvon.

Entry occurs about 91 minutes after liftoff at a position 6 ° S latitude and
194 ° E longitude. Touchdown at FRC occurs approximately 27 minutes after

entry. A crossrangemaneuver of 600 nautical miles (1. 1 Mm) is accomplished
during the entry (final crossrange depends on error analyses of guidance and

navigation, Part IV). The solid line footprint boundary shown in figure 4

represents maneuver capabilities with angles-of-attack corresponding to 88

percent L/Dmax., a typical, but conservative, estimate for practical attain-

able crossrange. This allows for various tolerances in entry such as L/D,
atmospheric density, winds, and guidance and navigation. This 88 percent

L/D boundary passes through FRC and extends eastward well beyond
max.

the alternate landing site in northern Florida. The dashed-line footprint

corresponds to 100 percent L/Dmax., the capability of the HL-10 configura-

tion with nominal aerodynamics and entry parameters.
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The altitude-time profile for the one-orbit mission is shown in figure 5,
Line-of-site contact times from the applicable tracking and communication
stations are also shown. Coverage of the entry vehicle is available during
50 percent of the mission. Voice and data links are maintained continuously
throughout the mission using satellite relays.

One of the reasons for selecting the one-orbit mission for accomplishing
the maximum crossrange maneuver is safety for emergency orbital returns.
The primary landing site can be reached using the maneuver capability of
the D/3 configuration on each of three immediately subsequent orbits. The
crossrange maneuvers required on the 2nd and 3rd orbit into FRC are less
than the maneuver required on the planned first orbit. The maneuver re-
quired on the 4th orbit is the same as that for the planned first orbit. These
landing possibilities provide a valuable mission safety capability.

Additional time for in-orbit experiment preparation could be made avail-
able by altering the mission duration from 1 to 4 orbits because the required
crossrange maneuver into Edwards from the 4th orbit is about the same as
from the 1st orbit. A disadvantage of planning 4 orbits is having no backup
return capability into the primary landing site on subsequent orbits.

3. Fifteen-Orbit Mission--Entry Condition C

The recommended l 1-flight research program does not demand long
orbital flight phases. However, other future plans, in addition to the sec-
ondary objective of rendezvous and docking experiments, may require longer
orbit times. Aspects of a typical 23-hour mission are shown in figure 6.
Launch from ETR at an azimuth of 110 ° E of N is used to provide a nominal
crossrange entry to FRC on the 15th orbit. Backup landing opportunities are
on the 16th and 17th orbits at FRC and on the 13th, 14th and 15th orbits at
Eglin AFB.

An elliptic orbit (80/200 n. mi.) (148/370 kin) is again utilized (fig. 7).
Some propulsion for orbit maintenance may be desired, otherwise apogee
altitude diminishes toward the end of the day.

Table 3 presents recovery data for this mission. Alternate landing sites
at Wheelus, Libya and at a Pacific ship located south of Japan are added.
The Wheehs site is at the shore of the Mediterranean Sea. If political re-
strictions exist for this site, it would be possible to utilize a ship recovery
off-shore in nearby international waters.

The Pacific ship is located at 30 • N latitude and 128 ° E longitude. As
shown in table 3, with the selected primary and three alternate landing sites,
daylight recovery is possible on each one of the first 17 orbits. Maneuver
requirements are well within the crossrange capability of the entry vehicle.
Launch is at 3:00 p.m. local time for the tabulated example.

4. Rendezvous

Problems that medium L/D type vehicles may have in rendezvous, docking,
and transfer of men and equipment in near-earth operations were explored as
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a task for secondary study objectives. A configuration modification to

accomplish rendezvous and docking experiments was therefore studied. The

D/3 vehicle was modified for aft tunnel egress, and a rendezvous velocity

and cargo module was added (fig. 8). The Titan III-5 launch vehicle used pro-

vides sufficient payload capability (27 400 ib) (12.4 Mg) such that 4000 pounds
(I. 81 Mg) of cargo can be orbited for transfer experiments and operations.

A typical mission altitude profile (fig. 9) was generated to provide a basis
for subsystem design. The actual mission profile, of course, depends specif-
ically on the altitude and other ephemerides of the target space station. For

this example, the target is assumed to reside at i00 nautical miles (185 km).
The rendezvous vehicle (D/3) is inserted at 80 nautical miles (148 km) with
an overspeed to reach 140 nautical miles (259 krn). An inclination of 35 ° is

assumed. The orbit is circularized and used for fast catch-up phasing (the
target catches up with the D/3). After a time interval to achieve appropriate
phasing with the target, an orbit transfer is made to a slow catch-up parking
orbit (the target is ahead of the D/3). Based on successful Gemini terminal

rendezvous techniques, the final orbit transfer is completed by approaching
the target from below, using a series of short duration propulsion impulses.
The docking is completed and crew and equipment transfer is carried out.
Following these experiments, the D/3 separates, deorbits and returns with
a normal entry to a landing at FRC.

The duration of the mission depends on many parameters such as launch

time, launch window tolerances and detailed definition of the in-orbit experi-
ments. The configuration permits up to 24 hours from launch to touchdown.

The following velocity requirements were used to define the rendezvous

propulsion module with number keys related to those shown on figure 9.

Operation fps

I. Insertion by launch vehicle --

2. Circularize fast catch-up orbit 146

3. Plane change C0.1 °) 45

4. Initiate orbit change 108

5, Complete orbit change 108

6. Initiate terminal rendezvous 36

7. Midcourse guidance allowance 50

8. Complete terminal rendezvous 36

9. Docking 20

I0. Station departure 20

Contingency (10% margin plus 150 fps (45.7 m/sec)
for other target altitudes)

Total

Deorbit and return

Velocity increment,

221

790

520

(m/s)

(45)

(14)

(33)

(33)

(ii)

(15)

(li)

(6)

(6)

(67____)

(241)

(159)
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For estimating thrust levels for the rendezvous velocity module, an
acceleration level of 0.5 g was chosen for the large orbit transfers and 0.03 g
for the vernier docking maneuver. These representative levels are selected
based on other studies such as Gemini and Apollo applications.

No rendezvous experiment has been defined in the present study because
the present research task definitions were restricted to entry experiments.
Nevertheless, one of the entry experiments requires some rendezvous capa-
bility prior to entry. The HF-1, Pilot Control/Landing of Vehicle after
Prolonged Zero G, is an entry task which utilizes a pilot who has an immedi-
ate prior history of 30 days or more in a zero-g space station.

5. Supercircular

A second task for secondary study objectives was related to supercircular
velocity entry experiments. A mission configuration was therefore studied
making use of the Saturn IB launch vehicle (fig. 10). The entry vehicle was
modified in several ways. One crewman was removed to save weight. To
the resulting D/2 was added heat protection and control actuation power for
the more severe environment. A supercircular velocity module was designed
to contain enough propellant to match the Saturn IB payload capability of
35 300 pounds (16 Mg).

A typical mission profile (fig. 11) was generated to provide a basis for
subsystem design. This mission utilizes a 200-nautical mile (370 km) circu-
lar orbit from which deorbit with concurrent acceleration to supercircular
speeds is accomplished. This altitude is selected sufficiently high so that
the acceleration phase is completed before reaching the altitude of 400 000
feet (122 km) on the descent. A 3-orbit trajectory, shown in figure 12, is
chosen to be similar to the basic entry research mission (inclination 35.7°).
The deorbit propulsion supplies about 1 g acceleration with an ideal velocity
increment of 7300 fps (2.22 km/sec) for the present concept. Some of this
energy is used to counteract centripetal acceleration, so that the entry speed
is about 29 000 fps (8.85 km/sec), or 3000 fps (914 m/sec) larger than a
normal entry.

If an alternate acceleration trajectory were used, the entry speed could
be larger, but at the expense of increasing apogee and time from deorbit.
For example, the thrust could be applied in a direction to achieve near-
horizontal acceleration, permitting an elliptic orbit with apogee near 15 000
nautical miles (27.8 Mm) and a 7-hour (25.2-ksec) period. The entry speed
could then approach 33 000 fps (10 km/sec) for the same propulsion capability.

The potential entry velocity obtainable within the payload capability of
4 launch vehicles is shown in figure 13. These data are estimated assuming
a velocity module using storable propellants with a specific impulse of 310

seconds (N20 4-UDMH), and a propellant fraction of 0.85. For the Saturn V

data, a two-stage velocity module is assumed. The entry velocity potential
shown here for Titan III-5 is about the same as for Saturn IB, partly because
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the larger diameter of Saturn requires a heavier transition section (approxi-
mately 2800 pounds (1.27 Mg) more}, and partly because Saturn has a higher
abort hazard (larger TNT equivalent} requiring larger abort motors.

The mission profiles {figs. 11 and 12) are for entry condition K which is
used to expose the D/2 to high heating rates. Angles of attack corresponding
to L/Dmax. are used during the initial entry to obtain a low pull-up altitude.

The normal flight control following pull-up might include roll modulation to
prevent any appreciable skip. Pitch modulation might also be employed to
establish a desired load factor environment. The trajectory shown here uses
a -6 ° entry flight path angle. This is well within the flight corridor for entry
speeds between 28 000 and 34 000 fps (8.54 and 10.4 km/sec).

The entry environments resulting from supercircular speeds have various
research applications. Primary interest is in convective heating distribu-
tions, heat shield performance, and aerodynamic characteristics. At speeds
above 29 000 fps (8.83 km/sec) radiation heating might be measured; the

radiative heating rates near the stagnation point then may exceed 2 Btu/ft 2 sec

(22.6 kw/m 2) and be measurable. One of the entry research tasks (FM-9)

requires this radiation measurement (Measure Gas-Cap Radiation Heat Trans-
fer).

B. ASCENT, ENTRY AND LANDING PERFORMANCE

I

I

I

I

I

I

I

1. Ascent

The entry research flight test program uses several launch vehicles. A

launch vehicle in the "Little Joe II" class is required for the two preliminary

unmanned qmax. abort tests, launching from White Sands to suborbital test

flight condition. All flights in the basic ll-flight research program could be
made within the payload capability of the Titan-III-2 launch vehicle. This boost-
er has uprated core with strap-on 2-segment, 120-inch diameter (3.05 m)
solid propellant rocket motors (SRM} and no transtage. The launch vehicle
guidance system, normally located in the transtage, is placed on the equip-
ment shelf of the upper stage (Stage 2). The mission profiles are described
in this section using the Titan III-2 for the primary entry research missions.
Near the end of this study, however, information was received that the Air

Force no longer had plans to acquire and develop the Titan III-2. The next
least expensive and applicable launch vehicle currently under consideration
is the Titan III-5, a similar vehicle but with 5-segment SRMs. This became
the recommended launch vehicle for the entry research program. The Titan
III-5 is also the selected launch vehicle for a proposed secondary objective
mission requiring rendezvous and docking of the D/3 configuration with a
target vehicle already in orbit. The proposed secondary objective using
supercircular entry velocities requires the Titan III-5, Saturn IB or Saturn V
launch vehicles.
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Typical ascent trajectories for three of these launch vehicles are shown
in figures 14 through 16. These trajectories all assume launch from ETR,
with a launch azimuth of 65.8" E of N, and perigee insertion into an 80/200
nautical mile (148/370 kin) orbit. The payload weight specified for each
booster is the minimum performance payload capability of that launch vehicle,
having taken into account normal performance degradations.

Values of some ascent trajectory parameters bearing on the design and
selection of the entry vehicle are summarized in the following table:

Time to insertion
(sec)

Peak dynamic pressure
(psf)

Peak acceleration (g)

Range to insertion
(n. mi. )

Payload capability
(lb)

Launch vehicle

Titan III-2 Titan III-5 Saturn ]]3

470.13

713.4 (34.2 _)
m

4.33

736.4 (1.36 Mm)

16 940 (7.68 Mg)

496.3

653.6 (31.3 _)
m

4.34

853.3 (1.58 Mm)

27 390 (12.4 Mg)

603.5

672. (32.2 k.__)
m

995.2 (1.84 Mm)

35 310 (16 Mg)

I

I

I
I
I

I

I
I
I

Some general effects of switching from Titan III-2 to Titan III-5 for the
recommended research program are summarized below:

Payload capability 10 450 lb (4.73 Mg) greater

Launch environment

Maximum dynamic pressure
Peak load factor
Range to insertion
Total time to insertion

9% less

Unchanged
132 n. mi. (244 km) farther
26 sec longer

Cost of LV per launch $5 x 106 more

The additional payload capability is available for such possibilities as steering
to alleviate abort environment, adding an orbit-maneuvering propulsion
module, or piggyback satellites or spacecraft. The farther range to insertion
requires some adjustments in details of abort system operation. The addi-
tional cost of Titan III-5 is small compared to the overall program cost, and
is included in the cost analysis of Part VI.

Figure 17 summarizes the payload capability of GLV, Titan III-2, Titan
III-5 and Saturn IB as a function of launch azimuth heading for insertion into
an 80/200 nautical mile (148/370 km) orbit. The weight of the D/3 entry ve-
hicle and its booster adapter (transition cone) is shown on the right together
with bars showing relative payload margins.
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2. Entry

Details of the primary and backup, guidance and navigation schemes
are discussed in Section F, 5 of Part IV. The primary entry guidance utilizes
preprogrammed velocity and altitude data based on reference entry trajec-
tories. The function of the guidance system during entry is to identify devi-
ations from the reference trajectory due to dispersions and to make suitable
corrections to programmed angle-of-attack and bank angles.

Specific reference entry trajectories for three of the entry conditions to
be used in the basic research flight program with D/3 are included in this
section. The data are shown in figure 18 for entry condition C, figure 19
for entry condition D (and B), and figure 20 for entry condition G. The open-
loop angle-of-attack and bank angle programs with which these trajectories
are computed are also included in figure 21 for entry condition C, figure 22
for entry condition D (and B), and figure 23 for entry condition G. The
nominal conditions at the 400 000-foot {122 kin) entry altitude for all flights
in the basic research program are the same. The inertial velocity is 25 860
fps (7.88 km/sec) and the inertial entry angle is - 1.5 ° .

Entry condition C represents an entry to a position near the center of the
landing footprint with nominal zero crossrange. Consequently, the nominal
bank angle throughout the entry is zero. Beginning at entry altitude, the D/3
is trimmed at an attitude corresponding to an angle-of-attack of 52 ° . This
angle-of-attack provides maximum lift coefficient and is maintained until the
bottom of the first skip. This position is where the relative flight path angle
has first become zero. Here the angle-of-attack is decreased to 26 °, the
angle for maximum hypersonic L/D. This pitch maneuver minimizes the
altitude amplitude of the subsequent phugoid. (This is _ desirable, but not
necessary, maneuver during entry and can be tolerated for entry condition C
because this condition does not exercise the maximum ranging potential of
the entry vehicle. ) At the top of the first skip, defined where the relative
flight path angle again becomes zero, the angle of attack is increased to 45 °
This nominal angle (mid L/D) is maintained for the greater part of the entry
and equilibrium glide until the Mach number reduces to 2.4. The flight mode
is then switched to the front side of the L/D curve, angle-of-attack of 15 °,
in preparation for landing approach with conventional commands. At Mach
0.6 the angle-of-attack is reduced to 12 ° , the middle of the controllable range;
the capability of the entry vehicle to make final guidance corrections by ex-
tending or decreasing range is about equal. The remaining flare and landing
maneuver will be discussed separately later. Table 4 identifies the code de-
scription and units used in printouts of digital simulations for Entry Condition
C which are reproduced in table 5. Both metric and English units are in-
cluded. The tabular data are presented at some selected times during entry
as follows :

Time,
sec Significance

Initial entry condition.

299.2 Bottom of the first skip (maximum heating rate and
maximum hypersonic load factor generally occur near
this point).
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Time,
sec

540

1420

1624.5

1860

1960

2011.7

Significance

A typical near equilibrium glide condition.

Approximately the point where the entry vehicle
emerges from the communication blackout region.

Generally the point h = 135 000 feet (41. 1 km)
where the bank angle program is terminated for
an entry condition requiring a crossrange maneuver.

Near the high-key window for the final landing
approach.

Near the low-key window for the final landing
approach.

Sea leveltouchdown.

Similar printout data is included for entry conditions B (and D) (table 6)
and for G (table 7). Entry conditions B (and D) is similar to C except it pro-
ceeds downrange toward the toe of the footprint. Entry condition G, however,
is a near maximum crossrange condition and requires a different mission
description as follows.

The selected mission profile for entry condition G uti.lizes a one-orbit
trajectory with an orbit inclination of 31.04 ° . Location at entry is approxi-
mately 193.8 ° east of Greenwich and 6 • south of the equator. Here the initial

angle-of-attack is 26°(L/Dmax. ) and the bank angle is 65 • (left turn). These

angles are maintained until reaching the top of the first skip. The angle of
attack is then increased to 37 • and the bank angle reduced to 40 ° . At an alti-
tude of 135 000 feet (41.1 km), the bank angle is reduced to zero and the entry
proceeds as in condition C. The significant differences between conditions G
and C are the absence of modulations to reduce the altitude skipping amplitude,
and the use of a nominal 3-step roll program. Both measures improve the
crossranging capability. Table 7 shows a digital printout of,specific times
during the reference trajectory for entry condition G.

The research flight environments available using the above typical flight
conditions can be summarized as follows:

18
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Parameter

Crossrange

Heating rate, qs

Total heating, Qt

Load factor, nto t

"" i'" " i .....: : : • ... . : :'" : :'" :-.o.. . ... ... ..
.......... .... .. : : : :.. :."

Units Entry condition

c B (& D) G

n. mi. i0 i0 600

(kin) (18.5) (18.5) (1410)

Btu/ft2-sec 96.5 134 177

(MW/m 2) (I. I) (i. 52) (2.01)

Btu/ft 2 86 000 108 400 88 600

(Gj/m 2) (0. 977) (i. 23) (i. 01)

g 1.38 1.42 1.58

I

I

I

I

I

I

I

I

I

I

I

I

Variable

number

1

2

3

4
5

6

7

8

9

10

11
12

13

14

15

16
17

18
19

20

21

22

23

24

25

26

27

28

29

3O

31

32

33

34

35

36

37

38

39

4O

TABLE 4

DIGITAL SIMULATION OUTPUT FORMAT

Variable Units

name Description English Metric

TPROB Problem time sec sec

ALTUDE Altitude ft m

RVEC Radius vector (abs value) ft m

VEL(R) Relative speed fps m/sec

VEL(I) Inertial speed fps m/sec

ROLL V Roll angle deg rad
CL Lift coefficient none none

CD Drag coefficient none none

WEIGHT Weight lb N

MACH NO. Mach number none none

SPEDOT Rate of change of relative speed fps m/sec

Q. CONV Convective heating rate Btu/sq ft-sec J/sq m

Q. CONV Convective heat input Btu/sq ft J/sq m

TPHASE Phase time sec sec

LONG Longitude deg rad

INCL Orbit inclination deg rad

GAM(R) Relative flight path angle deg rad

GAM(I) Inertial flight path angle deg rad

ALPHA Angle of attack deg rad

LIFT Lift lb N

DRAG Drag lb N

L/D Lift-to-drag ratio none none

DYNPRS Dynamic pressure lb/sq ft N/sq m

GAMDOT Rate of change of relative flight deg/sec rad/sec

path angle

Q. RAD Radiative heat rate Btu/sq ft-sec J/sq m-sec

Q. RAD Radiative heat input Btu/sq ft J/sq m

Unit designation none none

GEDLAT Geodetic latitude deg rad

TURN Turn angle deg tad

GECLAT Geocentric latitude deg rad

HEAD R Relative heading deg rad

HEAD I Inertial heading deg tad

BETA Side slip angle deg tad

L/W Lift-to-weight ratio none none

D/W Drag-to-weight ratio none none

Side force-to-weight ratio none none

N TOT Total acceleration none none

REYNLD Reynolds number none none

Yaw thrust angle deg rad

Specific impulse sec sec

HEADOT Rate of change of relative heading deg/sec rad/sec

Q. C+R Total heat rate Btu/sq ft-sec J/sq m-sec

Q. C+R Total heat input Btu/sq ft J/sq m

:':":ii .ii":"-:'i""': ....:i " ":"
".: ..: : ..: ..- .." ..- : • : :

e° • • • • •oo• • Qo• o• ooo

ER 14471-5 19



..: -.: : "': : "'.....'. : .'. --: .-:

•." ..: ; ; : ".. • . • ..! .." ..; "."

TABLE 5

TYPICAL DIGITAL OUTPUT, ENTRY CONDITION C

go

eoo

TPRGB O,

ALTUDE O,121g2OOOE 06

RVEC 0.64998510E 07

VEL(R) 0.75028920E 04

VEL(1) 0,78821277E 04

ROLL V O,

CL 0,18619998E O0

CO D,I2242999E Ol

WEIGHT O,5#gooo26E 05

MACHNO D,Ib442465E 02

SPEDOT O.26113964E O0

Q. CONV 0,17355506E 05

Q CCNV O,

TPRUB O°

ALTUDE 0.4OOOOOOOE D6

RVEC 0.21324970E 08

VEL(R) 0,24615787E 05

VELII) O,2585999gE 05

ROLL V _,

CL OoI861gg98E CO

CO 0,1224299gE O1

WEIGHT 0.12342000E 05

MACHNO 0o16442465E D2

SPEDOT O,85675737E O0

Q,CCNV 0,1529263bE Ol

Q CCNV O°

TPHASE O,

LONG O,27833094E OI

INCL D.625Ob392E O0

GAM(R|-O,27503536E-OI

GAMII)-O,2617993BE-OI

ALPHA 0,90157116E O0

LIFT 0,1320882gE Ol

DRAG 0,86853538E Ol

L/O 0,15208689E O0

DYNPRS O°34D8841_E O0

GAMDOT Oo]4695537E-Ok

Q°RAD D°

RAD O.

TPHASE O,

LONG 0.15933000E 03

INCL 0°35813524E 02

GAM(R)-DoI5758365E nl

GAMIII-O.I4999gggE Ol

ALPHA D°5199ggg7E 02

LIFT Oo29694629E O0

DRAG 0°19524778E OI

L/D O.I5208689E O0

DYNPRS P°71195125E-02

GAMDOT O,84199223E-03

Q°RAD O.

Q RAD O.

METRIC O. IOCOOO00E Ol

GEDLAT-D,g826293!E-O!

TURN Oo23033glTE-02

GECLAT-O,97608593E-OI

HEAD R O°915g2030E O0

HEAD I O,9523glZBE O0

BETA -9.

L/W O,240598IgE-04

D/W _,15819784E-03

N TOT O,16001698E-03

REYNLD D,25301257E 02

HEADOT-O,lO205111E-03

Q°C+R 0°17355535E 05

Q C+R O,

ENGL° O°IO0_O000E Ol

GEDLAT-D°562gggg6E O1

TURN O,13!g74&2E _0

GECLAT-O.55925604E Ol

HEAD R 0,52478368E 02

HEAD I 0°54568001E 02

BETA -0,

LIW Oo2405gBIgE-04

D/W 0°15819784E-03

N TOT O,16001&g8E-03

REYNLD 0.25301257E 02

HEADOT-O.58470977E-02

Q,C_R O,15292636E nl

Q C÷R D°

I

l

l

l

I

l

I
TPROB 0.29920637E 03 TPHASE 0,29920637E 03 METRIC 0.100000DOE Ol

ALTUDE O,73bI6280E 05

RVEC 0.64514710E 07

VELIR) D,72808373E 04

VEL(I) 0.76577097E 04

ROLL V O,

CL 0,46128593E O0

CO 0,b5823583E 00

WEIGHT O,54gOOO2bE 05

MACHNO 0°26098485E 02

SPEDOT-O°38613640E Ol

Q. CONV 0.I0934217E 07

g CONV 0,11857701E Og

LONG 0.30547320E nl

INCL 0.62374696E OO

GAM(R)-O.36379788E-II

GAM(1)-D.34589365E-11

ALPHA 0.90757116E O0

LIFT 0,15131442E 05

DRAG O,215qlg39E 05

L/D 0.7007g127E O0

DYNPRS 0,15762757E 04

GAMDOT D°3023o14gE-03

QoRAD O.

Q RAD O,

GEDLAT 0,I1522276E O0

TURN 0.41301087E-01

GECLAT 0.11445837E O0

HEAD R n,91924132E O0

HEAD I O°g5626144E O0

BETA -9°

L/W 0,27561851E O0

D/W O°393296[&E O0

N TOT 0.48025767E O0

REYNLD 3,25520212E 06

HEADOT O°12061948E-03

Q,C_R OolOg34217E 07

g C*R 0o11857701E og

TPROB o°2gg20637E 03

ALTUDE 0,24152323E 06

RVEC O,21106244E 08

VEL(R) O,23887261E 05

VEL(I) 0,25123719E 05

ROLL V O°

CL 0.46128593E O0

CO 0°65823583E O0

WEIGHT 0°12342000E 05

MACHNO O,2609_485E 02

SPEDOT-O,I2668517E 02

Q. CONV Oo96345797E 02

Q CONV O,I0448297E 05

TPHASE o.2gg20637E 03

LONG 0,17502325E 03

INCL 0,35738068E 02

GAM(RI-O°20844083E-Og

GAM(II-O,Ig818246E-Og

ALPHA Oo519gggg7E 02

LIFT O,34N16836E 04

DRAG 0°48540612E 04

LID 0,70079127E O0

DYNPRS O°32921203E 02

GAMDUT 0°17320600E-01

Q. RAD Do

Q RAD O,

ENGL° 0.I0000990E 01

GEDLAT 0°6601777gE 01

TURN 0°23663780E 01

GECLAT O,65579815E 01

HEAD R 0°52668648E 02

HEAD I 0,54789745E 02

BETA -0°

L/W 0,27561851E O0

DIW D°39329616E O0

N TOT 0,48025767E O0

REYNLD 3°25520212E 06

HEAD_T O,69109874E-Q2

QoC_R Oog6345797E 02

Q C÷R 0.I0448297E 05

I
I

I
I
I

I
I
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I TABLE 5.--Continued
TYPICAL DIGITAL OUTPUT, ENTRY CONDITION C

I
I

I

I
I

I
I

I

TPRO_ 0.53999999E 03
ALTUDE 0.81398047E 05

RVEC 0°64579645E 07
VEL(RI 0,707599_3E 04
VEL(I) 0°745_3222E 04
RCLL V Do
CL O°39622gI4E O0
CD O.55017968E O0
WEIGHT O°549qOO2bE 05
MACHNO Do27425473E 02
SPEDOT-O°82044031E O0
QoCLNV 0=51932879E 06
d CCNV 0,30148273E 09

TPROB 0°53999999E 03
ALTUDE D°Z6705396E 06

RVEC 0.21187b14E 08
VEL(R) 0,23215205E 05
VEL(I) O°24456438E 05
RULL V O°
CL 0°39622914E O0
CD 0,55017968E 90
WEIGHT 0,12342000E 05

MACHNU 0.27425473E 02
SPEDUT-O,26917333E O1
Q°CCNV Do45760151E 02

0 CCNV 0,26564857E 05

TPHASE 0,18048628E 02
LONG 0.32748200E O1

INCL 0.62271467E O0
GAMIRI-O.90064888E-03
GAM(II-O.85493838E-03
ALPHA 0,78539811E O0
LIFT 0,33042944E 06
DRAG O.458B1421E 04
LID 0,72018135E O0
DYNPRS 0°40073233E 03
GAMDOT-O,S2955029E-04
Q°RAD O.

Q RAD O,

TPHASE 0.18048628E 02
LONG _.18763337E 03

INCL 0.35678922E 02
GAM(RI-O.516Q3379E-O[

GAM{I)-O.489843blE-OI

ALPHA 0,44999997E 02
LIFT 0,74283495E 03
DRAG 0.10314554E 04

LID G,T2018135E O0
DYNPRS 0,83694688E 0!
GAMDOT-O,30340996E-02

Q. RAD O,

0 RAD O°

METRIC 0.40OO0000E Ol
GEDLAT 9,27357298E O0
TURN 9,11370692E 91
GECLAT n°27183123E OQ
HEAD R 0,96885812E OO

HEAD I 0,10033235E O1
BETA -0,
L/W _o60187567E-01
DIW 0,83572792E-01
N TOT 0,10299007E O0
REYNLD O,T661352DE 05
HEADOT 0o292902_7E-03
O,C_R 0,51932879E 06
O C*R 0.30148273E 09

ENGL° O,40000000E 01
GEDLAT 0,15676577E 02
TURN D,65149266E 02
GECLAT 0o15576782E 02
HEAD R 0.55511481E 02
HEAD [ 0,57486202E 02
BETA -9.

LIW 0,6018756TE-01
DIW _,B3572792E-O|
N TOT 0,10299007E O0
REYNLD 0.7661352DE 05

HEADOT 0,16782075E-01

Q,C+R 0,45760151E O?

0 C÷R 0.26564857E 05

I

I
I

I
I

I
I

I

TPRO_ O.14200COOE 04
ALTdDE 0,53670313E 05

RVEC O,b4249954E 07
VEL(R| 0,35594539E 04

VEL(I) 0.39414597E 04
RGLL V D,
CL O,_2032663E O0
C_ 0,4974772bE O0
WEIGHT 0°54900026E 05
MACHNU 0,10580152E 02
SPEDUT-O°80955212E 01
O°CGNV 0o39180772E 06

J CCNV O,g2675374E 09

TPHASE 0,89804862E 03
LONG 0.40919242E O1

INCL 0.61552147E OO
GAMIRI-D.14214603E-01
GAM(II-O,12836845E-Ol
ALPHA 0,78539811E O0
LIFT 0°38915_5CE 05
DRAG 0°46058588E 05
L/D 0,84491625E O0
OYNPRS 0°4_489696E 04
GAMDOT-U,80496616E-04
Q, RAD O,

Q RAD 0,53510285E 04

METRIC Oo49000000E Ol
GEDLAT 3,60164767E O0
TURN D,14636874E-01
GECLAT 0,59851815E O0
HEAD R 0o14007999E 01
HEAD I 9,14174165E 01

BETA -0,

L/W O,70884671E O0
D/W 9,83895500E O0
N TOT 0,10983211E O1
REYNLD O,lq832_68E OT
HEADOT 0,463171_6E-03
Q.C+R 0.39180772E 06
O C_R 9,92675908E 99

TP_UB O,1420000nE 04

ALTUDE 0,17608371E 06
TPHASE 0.89804862E 03
LONG 3.23_4_999E 03

RVEC 0,21079381E 08

VELIRI 0°11677998E 05
VELII) 0o12931298E 05
ROLL V O,

CL O,42032663E O0
CD 0°49747726E O0
WEIGI_T 0,12342000E 05

MACHNU 0.10580152E 02
SPEUOT-O °26560109E 02

O, CONV 0°34523756E 02
0 CCNV 0,81660003E 05

'It4" "_*'_-- "6

: : .: : .i : "'" "• . . :':
%: ,.: : ..: : .." .." ...

INCL 0.35266782E 02
GA _( RI-D,814_3675E O0
GAM(II-O.T3549706E O0
ALPHA _. 44999997E 02

LIFT 0,87485860E 04
DRAG O. ID35_383E 05
LID 0,84491625E O0
DYNPRS 0°92918663E 02
GAMDOT-O,46121163E-02
O, RAD O,
Q RAD 0,47150066E O0

ENGL, 0.40OO0000E 01
GEDLAT 0,34471872E 02
TURN _.83863112E O0
GECLAT 0,34292564E 02
HEAD R O°802599ZbE 02
HEAD I 0°81211985E 02
BETA -0,

LIW n, TOBB6671E O0
D/W O,838955DOE O0
N TOT 0.1_983211E Ol
REYNLD _.108324_8E 07
HEADOT O,26537770E-OI
Q.C÷R 0.34523756E O?
O C÷R 0.816604T_E 05

ee • • eee ee eee eo

: : .1:1
• • • • • •
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TABLE 5.--Continued

TYPICAL DIGITAL OUTPUT, ENTRY CONDITION C

.:.
OOO

OOO

I

I
[PROB DoI6244751E 04

ALTUUE 0.41148000E 05

t

RVEC 0.64122482E 07

VEL(R} 0,17253091E 04

VEL(I) 0°21070718E 04
ROLL V O°
CL 0045434739E OC

CO 0°51409771E O0
WEIGHT 0°54900C2bE 05
MACHNO 0°5294019&E OI
SPEOUT-O°93335140E O1
Q,CCNV 0°87917092E 05
O CUNV 0°97401035E 09

TPROB 0,16244751E 04
ALTUDE 0°13500000E 06

RVEC 0,21037560E 08
VEL(K) 0056004631E 04
VELIII 0°69129653E 04
ROLL V Do
CL D,45434739E O0
CD 0051409771E O0

_EIGHT 0.12342000E 05
MACHNO 0.5294019bE OI

SPEOOT-O.30621765E 02

,J.CCNV 0.77467290E Ol
CONV 0.85824502E 05

TPHASE 0011025237E 04

LONG 0o41942701E 01

INCL 0.61382419E O0
GAM(RI-O,37956543E-ql

GAM(II-O.31077055E-Ol

ALPHA 0078539811E 00
LIFT 0,47980327E 05

DRAG C,5429012_E 05

L/D 0o88377534E q_
OYNPRS 005_745462E 04
GAMDOT-Do24625749E-03

Q,RAD O,
Q RAD 0°53510285E 04

TPHASE 0.II025237E 04

LUNG O, 24031397E n3

INCL 0,35169535E 02

GAM(R)-D°21747497E nl

GAM(II-O°I7805841E OI
ALPHA 0044999997E 02
LIFT 0010786406E n5
DRAG P,I22049N5E 05
L/D Oo88377634E O0
DYNPRS 0o1059841_E 03

GAMDOT-O°I4109515E-01

QoRAD O,

Q RAO 0047150066E O_

METRIC 0.40000000E O[

GEDLAT 0°61290714E O0
TURN Q,68168377E O0

GECLAT 0060975106E O0

HEAD R 3,1478_473E Ot

HEAD I 0,14952328E Ol
BETA -30

L/W 0087395938E O0
D/W O,98889ZD3E DO

N TOI 0,13197395E 01
REYNLD 3,268nO578E 07

HEADOT 3028864535E-03
OoC+R _°B7917092E 05
Q C+R 0097402169E _9

ENGL. e.4OOOOOOOE 01
GEOLAT 0.35116993E 02
TURN 0.39057614E 02
GECLAT 0,34936162E 02
HEAD R 3°84708794E 02
HEAD I 0,8567_529E 02
BETA -3o

l/W 0o87395938E O0
D/W 3o98889203E O0

N TOT 0013197395E O1
REYNLD 3o26800578E 07
HEADOT O.16538160E-Ol
QoC+R O°77467290E O1
Q C+R 0,85824973E 05

I

I
I
I

I

I
I

TPRO_ 0°18600000E 04 TPHASE 0.I1632933E 03 METRIC O,60000OOOE O1 I
ALTUDE 0013856790E C5

RVEC O,63849II2E 07

VEL(R} 0,27502251E 03

VEL(I) 0.64543933E 03
ROLL V O°

CL O,21b13044E OO

CO 0o13787327E O0
_EIGHT 0,5490002bE 05
MACHNO 0°93208247E OC
SPEOOT-O,IO451298E Ol
Q,CGNV O,22202092E 04

CCNV 0,98026003E 09

IPROb 0.18600_00E 04
ALTUDE 3,45401911E 05

RVEC 0o20947872E 08
VEL(K} 0°90230481E 03

VEL{I) 0.21175831E 04
KULL V O,
CL 0°21013044E OC
CO D,I3787327E OC
.tIGHT 0,12342000E 05

MACHNO 0,93208247E OC

SPEL)OT-Oo 342Bg_36E O]
O, CCNV 0.19563157E O0
_J CGNV 0,86374658E 05

LOhG 3.42329809E Ol

INCL _n°61220058E qO

GAM(R )-0. 36399394E O0

GAM(1)-O.15228392E O0
ALPHA no26179937E O0
LIFT Do 39638890E 05
DRAG ?o25286321E 05
LID O. 15676021E Ol
DYNPRS 0°8813')777E 04
GA MDOT-O,72420432E-02
OoRAD O°
O RAD 0053510285E 04

/PHASE 0°11632933E 03
LONG 0.24253194E 03

[NCL 0o35076510E 02
GAM(R)-O.20855317E 02
GAM(II-Oo8725226CE Ol
ALPHA D.14999998E 02
LIFT 0089_11769E 04
DRAG 0,56845910E O_
L/_ 0015676021E O1
DYNPRS O°IB406496E 03
GAMDOT-D°41493850E Or

QoRAD O,
Q RAD O,47150066E O0

GEDLAT 0.61518520E O0

TURN -0,35071306E O0

GECLAT 0,61202394E on
HEAD R 0°15316941E O1
HEAD I 0o15550475E O1
BETA -0.
L/W _,72202049E O0

D/W 0,46058913E O0
N TOT 0°85642042E 00
REYNLD D,34339704E _8
HEAD_T _°23379468E-03
O,C+R 0°22202092E 04
O C+R 0098026538E Og

ENGL° 0,60000000E Ol

GEDLAT 3,35247515E _2
TURN -0.20094378E 02

GECLAT 0035066389E 02
HEAD R 0o87759610E02
HEAD I OoBgog766_E 02
BETA -O,

L/W 0072202049E O0
OlW _,460589t3E On
N TOT 0,85642042E O0
REYNLD _,343397_4E 08

HEADOT 3,_3395448E-01
OoC+R Dolg563_57E O0

O C+R 0,86375129E 05

I

I
I
I

I
I
I
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TABLE 5.--Concluded

TYPICAL DIGITAL OUTPUT, ENTRY CONDITION C

TP_U8 0.19600000E 04
ALTUOE O,46074055E 04

RVEC O,b3756600E 07
VELLK) 0019418843E 03
VEL(I) 0055525545E P3
ROLL V Oe
CL Oo13889412E O0
CO 0089570633E-01
NEIGHT 0054900026E 05
MACHNO Ooo02B2b71E O0
SPEDOT 0030829C54E O0
_oCCNV 0013437401E 04

_UNV 0.98042757E 09

TP_U_ O,I960000CE 04
ALTUDE OoI5116100E C5

RVEC 0°20917520E 08
VEt(R| O.b3710II4E 03

VEL(1) O.IBZI7042E 04

RGLL V O.
CL 0013889412E O0

CO 0089570633E-01
WEIGHT 0,12342000E 05
MACHNO O,60282671E O0

SPEO_T OolOll451gE Ol

O. CChV C011840235E OC

/PHASE 0,15951263E 02
LONG 0,42369118E Ol

INCL 0,61 212356E O0

GAMIR I-O, 55209766E OO

GAM(I )-0,1844678_E O0
ALPHA D,20943949E O0

LIFT O,41863807E 05
DRAG 0,26997310E 05
L/D 0.15506658E Ol
DYNPRS 0,14483613E 05
GAMDUT-O,42419538E-02

QoRAD O.
0 RAD D,53510285E 04

TPHASE O,15951263E 02
LONG 0,24275716E 03

INCL O,35072096E 02
GAM(RI-O,31632866E 02

GAP(IIlD,ID569228E 02

ALPHA O, 11999999E 02
LiFT Do94113583E 04
DRAG 0,60692369E 04

LID D.15506658E 01
DYNPRS 0030249656E 03
GAMOOT-O,24304605E O0
OoRAD D,

METRIC Oo7OO00000E 01
GEDLAT 0061527393E O0

TURN -0053402282E O0

GECLAT 0.61211246E O0
HEAD R D,15577717E Ol

HEAD I OoI5668512E O!
BETA -O.

LIW O, 76254726E OO
D/W 9,49175473E O0
N TOT 0090735938E O0
REYNLD 0,69233656E 08
HEADOT 0o29000791E-03
Q.C+R 0.13437401E 04

0 C+R 0098043290E 09

ENGL, O.70000000E Ol

GEDLAT 0.35252599E 02

TURN -O°30597254E 02

GECLAT 0035071460E 02
HEAD R 00892537_3E 02
HEAD I 3.89773960E 02
BETA -_0
L/W 0076254726E O0
D/W 0,49175473E On
N TOT D.go735938E 90
REYNLD ),69233656E OR
HEADOT O°I6616229E-01

O°C+R 3,l1840235E O0

TPRU_ 0.20116994E 04
ALTUOE 0011627197E-05

RVEC O.b3710525E 07

VEL(R) 3,17169461E 03
VEL(I) 0o54427802E C3
ROLL V O,

CL 0.14757273E O0

CO 0,61401655E-01
WEIGHT 0o54900026E 05
MACHNO OoS0456288E O0

SPEDOT-D.b6721352E O0
O.CCNV 0.11501144E 04

CGNV 0°98049790E 09

TPRUB O.20116994E 04
ALIUDE 9038146973E-05

RVEC 0°20902404E 08
VEL(K| 0.56330254E 03
VEL(I) 0,17_56890E 04
ROLL V O°
CL 0,14757273E O0
CD D.bI401655E-D1
_EIGHT 0,12342000E 05
MACHNO 0°50456288E O0

SPEDOT-O,21890208E _1
_.CCNV 0.I0134121E O0

CCNV U°B6395618E 05

IPHASE 0,67650705E 02
LONG O,42385384E 01

INCL 0,61212011E O0

GAP(R I-D.36028168E O0
GAM(I)-O.III43994E O0

ALPHA D,209_3949E O0
LIFT O,55450BB6E 05
DRAG 0,23071852E 05
t/D 0.24033998E OÂ

DYNPRS O,IBOSbllgE 05

GA_DOT 0,44346605E-02
Q.RAD O.
O RAD D,53510285E 04

TPHASE 0,67650705E 02
LONG 0,24285036E 03

INCL D,35071899E 02

GAMIRI-O,20642620E 02
GAM(1)-O,b3850387E 01

ALPHA O,11g999q9E 02
LIFT D.12465855E q5
DRAG 0.51867587E 06
L/D 0.2403399BE Ol

DYNPRS _,37710991E 03
GAPDOT Do25408733E O0
Q. RAD O,

O RAD 0047150066E O0

METRIC O°79000000E Ol
GEDLAT _.61528132E OO

TURN -9.29303824E 90
GECLAT m.6121198_E O n

HEAD R O.1572BOBIE 91

HEAD i 0015713939E Ol
BETA -Do

LIW 0°10100352E O1
DIW 0°42025259E 09
N TOT 0oI_9397_0E O1
REYNLD 00895374_5E 08
HEADOT 0,29410841E-03
O°C+R 0,11501144E 04

O C+R 0.98050325E 09

ENGLo O.70000000E 01
GEDLAT _035253023E 02
TURN -9.160450) 9E 02
GECLAT 0.35071883E 02
HEAD R 0.90115265E 02
HEAD I 0°99034239E. 02
BETA -0,

L/W 0,10100352E O1
D/W 9042D25_59E O0
N TOT 9°10939760E O1
REYNLD O.89537465E 08
HEADOT _.168511TOE-01
Q.C+R D.ÂO134121E O0
Q C+R Oo863q6089E 05

OO0

OO0

O00

O00
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TYPICAL DIGITAL OUTPUT, ENTRY CONDITION D

TPROB O°
ALTUDE 0°12192000E 06

RVEC 0,64980289E 07

VEL(R) 0,75008920E 04

VEL(II 0,78821277E 04
ROLL V O.
CL 0.98799998E-01
CO D,66149995E O0
WEIGHT 0°54900026E 05
MACHNO 0o16438081E 02
SPEDOT 0.26850431E O0
_°CCNV 0,17333280E 05
Q CCNV O°

TPRdb O,

ALTUDE O,40000000E Ob

RVEC O,21318gg3E 08

VEL(R| D,24609225E 05
VEL(1) 0,25859999E 05

ROLL V O,

CL O°98799998E-D]
CO O,66149995E O0

WEIGHT 0,12342000E 05

_ACHNO 0,16438C81E 02
SPEOOT O,8809196bE O0

Q.CONV U.15273050E 01

CCNV O,

TPHASE O°
LONG 0,24818581E 01

INCL 0,62219010E O0
GAM(R|-Oo2751087IE-01

GAM(I)-O,26179938E-01

ALPHA 0°45378558E O0
LIFT 0.70050310E OO
DRAG O,46901091E 01
LID 0,14935753E O0
DYNPRS 0°34070238E O0
GAMDOT Oo14859869E-G4

Q°RAD D°

Q RAD O,

TPHASE O,

LONG O,142199ggE 03

INCL 0°35648866E 02
GAM{R|-O,15762568E Ol

GAMII)-O.14999999E Ol

ALPHA P.25999999E 02

LIFT 0.15747936E OH
DRAG O,105#3785E O1
L/D 0,14935753E O0
DYNPRS 0,71157174E-02
GAMDOT 0°85140776E-03
Q, RAD O,

Q RAD O°

METRIC O, IO000000E Ol
GEDLAT-O,314159Z#E O0
TURN 0,22453859E-01
GECLAT-O,312191IIE nO
HEAD R 0,99208642E O0
HEAD I 0.10233913E Ot

BETA -0,

LIW 0,12759631E-04
O/W 9,85430114E-04
N TOT 0o86377731E-04
REYNLD 0.25294513E 02
HEADOT-_o35657062E-03
Q,C+R 0,17333280E 05
Q C+R n.

ENGL, O.IOO00000E O1
GEDLAT-O.17ggggggE 02
TURN 0.12865114E O1
GECLAT-O,17887233E 02
HEAD R O.56843Z50E 02
HEAD I 0°58636001E 02
BETA -0o
L/W O°lZT59631E-04
D/W 9,85430114E-04
N TOT 0°86377731E-0_
REYNLD q,zszg4513E 02
HEADOT-O°20429992E-OI

Q.C+R 0,15273050E 0!
Q C*R O°

I

I
I
I

I
I
I

I
I

TP_OB O,31262022E 03
ALTUUE O,69598439E 05

RVEC 0°64475150E 07

VEL(RI 0,73835142E 04

VEL(I) Oo77bOBI24E 04

ROLL V O,
CL 0,23612828E O0

CO 0.23071877E O0
_EIGHT U°5490002bE 05
MACHNO 0,25335430E 02
SPEOGT-O°24689058E O1
Q°CGNV 3.15225508E 07
Q CGNV 0,16332510E 09

TPROB 0.31262022E 03

ALTUDE 0°22834134E 06

RVEC 0.21153265E 08
VEL(K) 0.24224128E 05
VEL(II 0.25461983E 05
ROLL V O°

CL 0,23612828E DO

CD 0,23071877E O0
NEIGMT 0,12342000E 05

MACHNU 0,25335430E 02

SPEDUT-O,81000849E 01
Q, CGNV O°I3415BO9E 03

CONV O.143g1233E 05

TPHASE 0°31262022E 03
LOhG 0,27840552E Ol

INCL 0,62157081E O0
GAM(RI-O°I818989_E-II

GAMIII-O,17305578E-11
ALPHA 0,45378558E O0
LIFT 0°14168152E 05

DRAG 0°13843572E 05
L/C 0.10234463E O1
DYNPRS 0.28832830E 04
GAMDOT 0,30732665E-03
Q°RAD 0,46081284E 03
Q RAD 0,18099810E 05

TPHASE 0,31262022E 03
LONG O°15951_blE 03

INCL 0o35613383E 02

GAMIRI-O°IO4220@2E-O9
GAM( I)-0.99153656E- I0

ALPHA O° 25999999E 02
LIFT 0,31851274E 04
DRAG 0°31121508E 04
LID 0.1_234483E O1
DYNPRS O,60218619E 02
GAMDOT 0,17608520E-0]
Q°RAD 0,40604075E-01
O RAD 0°15948472E O1

METRIC O, IOOO0000E Ol

GEDLAT-O°IOI67235E O0

TURN -0,40649476E-02
GECLAT-O.IOogg654E O0
HEAD R O.919BB426E O0
HEAD I 0,95641232E O0

BETA -9,
LIW 0°25807223E O0
D/W 0.25216901E O0
N TOT O°360BI289E O0
REYNLD 3.42726787E 06
HEADOT-O,lOTT2842E-03
Q,C+R 0°15230117E 07
Q C+R 0°16334320E _9

ENGL, O°IO000_OOE Ol
GEDLAT-9,58253966E 01
TURN -D.23290432E O0
GECLAT-no57866757E 01
HEAD R 0,52705_86E 02
HEAD I 0,54798389E 02
BETA -0°
L/W q,25807223E O0

D/W 0°25216001E O0
N TOT 0,3608128gE OO
REYNLD 3°42726787E 06
HEADOT-O°blTZ3835E-02
O°C+R 0,13_19869E 03
O C+R O.l_392827E 05

I
I

I
I

I
I
I
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TABLE 6. -- Continued

TYPICAL DIGITAL OUTPUT, ENTRY CONDITION D

TPROB 0,,61_.36026E 03 TPHASE 0,,29974004E 03

ALTUDE 0°91768538E 0.5 LONG 0°30509276E Ol

RVEC 0,64696713E 07
VEL(RI 0.71403030E 04
VEL(I} 0,75190259E 04
ROLL V O°
EL 0,20043758E O0
CD 0,34267592E O0
WEIGHT 0,5490002bE 05

MACHNO 0.27521449E 02

SPEOUT-O°b8182746E-O1
J,CGNV 0°18824880E 06

CGNV O,35462808E 09

INCL 0,62051956E 00
GAM(R) 0,45474735E-12
GAM(I) O°43184236E-]L2
ALPHA 0,45378558E O0
LIFT 0,2100_.976E 03
DRAG D°35910928E 03
LID O,58491876E O0
DYNPRS 0,50357608E 02

GA MDOT-D, I0663296 E-03

Q, RAD D,
Q RAD 0,34931184E 05

TPROB O,6143bO2bE 03
ALTUOE 0,30107789E 06

TPHASE 0,29974004E 03
LUNG 0,17489528E 93

RVEC 0,21225955E 08
VEL(RI 0,23426191E 05
VEL(II O,24668720E 05
ROLL V O°
CL 0,20043758E O0
CO D,34267592E OC
WEIGHT 0,12342000E 05
MACHNO 0°275214@9E 02
SPEOOT-O,22369687E O0
Q°CCNV O,lb587380E 02
0 CCNV 0°31247708E 05

INCL D,35553152E 02
GA_(RI 0,26055104E-10
GAM(II 0,24742745E-10
ALPHA 0°25999999E 02
LIFT 0,47221065E 02
DRAG O,80730979E 02

LID 0,5849187bE O0
DYNPR$ 0,10517406E 01
GAMDOT-O°61096188E-02
Q°RAD O,
Q RAD U.30779273E 01

METRIC O,30000000E Ol
GEDLAT 0,10482567E O0
TURN 0°37423670E-02
GECLAT 0°1041290tE O0
HEAD R 0,97012954E O0
HEAD I 0°95793799E O0
BETA -0,
L/W D,38260464E-02
D/W 0,6541158bE-02
N TOT 0,75779560E-02
REYNLD 9,94461079E 04
HEADOT 0,10767521E-03
O,C_R 9,18824880E 06
0 C*R 0°35466301E 09

ENGL° O°30000000E 01
GEDLAT 0°6_060576E O1
TURN O, 21442183E O0
GECLAT 9,59661529E 01
HEAD R 0,52719539E 02
HEAD I 0,54885804E 02
BETA -O,

L/W 0.38260_64E-02

D/W _.65411586E-02
N TOT 0°75779540E-C2

REYNLD D°94461079E 04
HEADOT 0.61693350E-02
O,C_R D,I6587360E 02

O C÷R 0,31250786E 05

I
I

I

I
I

I

I
I

TPROB O,17200000E 04
ALTUDE 0,53317326E 05

RVEC O,b4248909E 07
VEL(R) D,37393679E 04

VELII) 0.41222834E 04
ROLL V D,
CL O°36315816E O0
CO 0°36896075E OO
wEIGHT 0,54900026E 05
MACHNO D,lIOg5362E 02
SPEOUT-O°b8207695E 01
_.CUNV 0,4665243bE 06

CONY 0,11527907E 10

TPROB 0,17200000E 04
ALTUDE D,I7492561E 06

RVEC 0,21079038E 08
VEL(k) O,I2268267E 05
VEL([I 0°13524552E 05
RCLL V O°
CL _°36315816E O0

CD 0°36896075E O0
WEIGHT 0.123_2000E 05
MACHNU 0,11095362E 02
SPEDCT-O°22377852E 02
_,CONV 0,411073_0E 02
O CCNV 0,10157703E 06

FPHASE 0,11056397E 04
LONG 0,40441614E 01

INCL 0.61127926E O0
GA M(R }-D.IgO83958E-01

GAP{ I)-O°I7311078E-01

ALPHA 0,66322508E O0
LIFT O, 385632 75E 05
DRAG 0,39179444E 05
LID 0,98427316E O0
DYNPRS 0°51027015E 04
GAMDOT-O°32827276E-04
Q°RAD O.

O RAD 0.70235432E 05

TPHASE 0,11056397E 04
LONG _.23171338E 03

INCL 0,35023721E 02

GA M( R l-O, Iog3_302E 01

GAM(II-O,99185174E O0

AL PHA O.37999998E 02
LIFT O, 86693692E 04
DRAG O, 88078895E 04
LID 0,98#27316E O0
DYNPRS 0°10657214E 03
GAMDOT-O, 18808644E-02
Q, RAD O •

O RAD 0,61887267E O1

METRIC 9,40000000E Ol
GEDLAT O,sBgog140E O0
TURN 3,59673609E O0
GECLAT 0,58599336E OO
HEAD R 3.13663614E 0l

HEAD I 0.13855892E O1
BETA -_,

L/W 0,70242824E On
DIW D,71365172E O0

N TOT 0,10013512E O1
REYNLD 3,llTg3889E 07
HEADCT 0°_671869ZE-03

Q,C*R 0,46652436E O&
O C_R 0°11528809E 10

ENGL° O°40000000E OI
GEDLAT 0.33752_51E 02
TURN 0°34190459E 02
GECLAT _°33574967E 02
HEAD R 0°78286743E 02

HEAD I O.79388415E 02
BETA -0°

LIW 3,7_24282_E O0
D/W D°71365172E O0

N TOT 0,10013512E 01
REYNLD O,I1793889E 07
HEADOT 0,26767724E-01
O°C+R 0.4110736DE 02
0 C+R 0,10158322E 06

@@°@Q

@@@
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TYPICAL DIGITAL OUTPUT, ENTRY CONDITION D

i:!
OOO

OOO

TPRUB Oo19536428E 04
ALTUOE 0041148000E 05

RVEC O°b4123926E 07
VEL(R) O,IgZTO314E 04
VEL(I) 0.23100684E 04
ROLL V O.
CL 0,38337743E O0
CD 0,37892076E DO
WEIGHT 0°54900026E 05
MACHNG Oe5912993bE Ol
SPEDOT-Oo86258841E O1
UoCCNV 0°12455390E Ob
C CCNV 0°12197224E 10

TPKOB 0019536428E 04
ALTUDE 0.13500000E 06

RVEC 0021038033E 08

VEL(R) 0.63222814E 04

VEL(1) O°75789647E 04

ROLL V O.
CL 0.38337743E O0
CD 0037892076E O0
,EIGHT 0.12342000E 05

MACHNO 0,59129936E Ol

SPEUOT-Oo28300145E 02
OoCONV 3010974946E 02
0 CGNV 00107_7466E 06

TPHASE DoI3392826E 04
LONG 0o41676228E 01

INCL 0,60901976E O0
GAM(R )-O. 30455174E-01
GAM( I )-0. 25404145E-01
ALPHA 0°66322508E O0
LIFT O° 50506284E 05
DRAG 0049919161E 05
LIC O, 10117615E Ol

DYNPRS 0.63305425E 04

GA MOOT O. 85011283E-04

OoRAD O°
Q RAD 0.70235432E 05

TPHASE DoI3392826E 04

LONG 0.23878720E 03

INCL O,34894262E 02
GAP(R)-O,17449529E O1
GAM(II-Oo14555503E O1
ALPHA Do37999998E 02
LIFT 0011354264E 05
DRAG 3o11222274E 05
L/D 0°I0117615E 01
OYNPRS O°13221b13E 03
GAMDOT O°48707877E-D2
QeRAD Do
Q RAD 0061887267E 01

METRIC 9040000000E 01
GEDLAT _060569161E O0

TURN -0,54383858E O0
GECLAT 0°60255238E O0
HEAD R 301457321_E Ol
HEAD [ 0,14762122E 01
BETA -00
L/W 0,91996957E O0
D/W 0090927517E O0
N TOT 0.12934935E 01

REYNLD 0029934088E 07
HEADOT 0°30408140E-03
QoC+R 0.12455390E 06
Q C+R ?,12197927E 10

ENGL, O,400000OOE O1
GEOLAT 0.34703573E 02
TURN -0,31159655E 02
GECLAT D°34523708E 02
HEAD R 0083498363E 02
HEAD I 0.84580733E 02
BETA -0.
L/W 0091996957E O0
D/W 0,90927517E O0
N TOT 9o12934935E O1
REYNLD 0029934088E 07
HEADOT 0o17422581E-01
O,C+R _.ln974946E 02
Q C÷R 0.I0748084E 06

I
I
I
I

I
I

I
TPBOe 0.222C0000E 04
ALTUDE 0,14470377E 05

RVEC O.b3856422E 07
VEL(R) O.28679017E 03
VEL(I) O.6bO75819E 03
ROLL V 90

CL U,Z39B1439E O0
CU 0016107234E O0
WEIGHT 0054900026E 05
MACH_O 3o97196441E O0
SPEOOT-O,21221039E 01
QoCGNV 0.24147530E 04

CUNV UoI229542BE IO

TPHASE 0o10834135E 03
LONG 0,42170878E O1

INCL 0°60651768E O0

GAM(RI-O.32245027E O0
GAM(I)-O.I3797842E O0

ALPHA O. 26179937E O0

LIFT 0.43434921E 05
DRAG 0.29173246E 05
L/O 0.14888614E O1

DYNPRS 0.87033381E 04
GAMDOT-O.50398113E-02

Q.RAD O.
Q RAD D.TO235432E 05

METRIC O.6000OOOGE Ol

GEDLAT 0.60932941E nO
TURN O.2275378IE O0

GECLAT 0.60618159E O0
HEAD R D°15188316E 01
HEAD I O,I5492072E O1
BETA -0°

L/W OoTglIb504E O0
D/W 0,53138930E OF
N TOT 0.95305651E O0
REYNLD 0°3252061TE 08
HEADOT Do22746564E-03
O.C+R 0.24147530E 04
O C+R 0,12296130E I0

TP_O8 0.22200000E 04
ALTUOE 0047474990E 05

RVEC O°2095027OE 08
VEL(R) 0094091262E 03
VEL(1) 0o21678418E 04
_ULL V Oo
CL OoZ3981439E CO
CD 0,16107234E O0
wEIGHT 0012342000E 05
MACHNO 0.97196441E O0

SPEDOT-O.bgb22832E Ol

QoC_NV O.21277361E O0

CCNV 0o10833997E 06

TPHASE G.lO834135E 03
LUNG 0,24162134E 03

INCL 0.34750903E 02

GAMIR)-O°18475040E n2
GAMIII-O.79055812E Ol
ALPHA 0.14999998E 02
LIFT o.g7645588E 04
DRAG 0065584067E 04
L/D O.14888614E Ol
OYNPRS 0.1817730PE 03

GAMDOT-O°28875991E O0
Q°RAD Oo
Q RAD 0°61887267E 01

ENGL, O°6OOOOO00E O1
GEDLAT O,34912903E 02
TURN 0.13036956E 02
GECLAT D°3473164bE 02
HEAD R 0.87022642E 02
HEAD I 0,88763036E 02
BETA -0.
L/W 0,79116504E O0
D/W O,53138930E O0
N IOT 0o95305651E O0
REYNLD 9°32520617E 08
HEADOT 0=13032821E-01
QoC+R 0=21277361E O0
O C+R DoIO834615E 06

I

I
I

I
I

I
I
I
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TABLE 6. -- Concluded

TYPICAL DIGITAL OUTPUT, ENTRY CONDITION D

TPROB 0•23399999E 04
ALLUDE 0°32557728E 04

RVEC 0o63744246E 07
VELIR| O°I9448969E 03
VEL(I) 0.55636214E 03
ROLL V O°

CL 0.13954206E O0
CO O.B7459599E-OI
,EIGHT O.54900026E 05
MACHNO 0o59375828E O0
SPEDOT-O.24197716E O0
Q,CCNV 0o14493927E 04
Q CONV 0,12297447E 10

TPROB 0.23399999E 04
ALTUDE 0•10681669E 05

RVEC 0,20913466E 08
VELIR) 0.63808955E 03
VEL(I) 0.18253351E 04
RGLL V O•
CL 0•1395420bE O0
CO 0,87_59599E-01
WEIGHT 0•12342000E 05
MACHNU 0,59375828E OO
SPEDUT-O,79388834E OC
_.CONV O.12771162E O0

CCNV 0•10835775E 06

TPHASE 0.28828067E 02

LONG 0,42217636E Ol

INCL 0.60635675E O0
GAPIR)-O.5bObO877E O0
GAN(I|-D.18695630E O0
ALPHA 0.20943949E O0
LIFT 0.48637559E 05
DRAG 0o30_84152E 05

L/D 0,15955031E Ol
DYNPRS 0•16748993E 05
GAMDOT 0.21959513E-02
Q•RAO O.

Q RAD 0,70235432E 05

TPHASE 0.28828067E 02

LONG D°24188924E 03

INCL 0°34741683E 02

GA M( R l-0,32120517E 02

GAM( 11-0.I0711808E 02
ALPHA O,,II 999999E 02
LIFT 0.I0934158E 05

DRAG O°b853110PE 04
L/D 0°15955031E O1
DYNPRS Oo349BO999E 03
GAMDOT 0°12576717E O0
Q,,RAD O°
Q RAD 0,61887267E 01

METRIC O•70000000E Ol
GEDLAT 9.60967707E O0
TURN -0.100863_0E O0
GECLAT 0,60632891E O0
HEAD R 0•15501749E 01
HEAD I 0°15645831E 01
BETA -0,
LIW D•88593083E O0
DiN 0°55526738E O0

N TOT 0o1_455598E Ol
REYNLD 0o77840573E 08
HEADOT 0=28955317E-03
Q.C+R 0=14493927E 06
Q C+R 0.12298149E lO

ENGLo 0.70000000E Ol

GEDLAI 0.34920#64E 02

TURN -0.57779012E _I
GECLAT 0•34740088E 02
HEAD R 0•88818479E 02

HEAD I _,Bgb_4OI2E 02
BETA -0°

LIW n•88593083E Oq

DIW _.55526738E O0

N TOT PeZq455598E O1
REYNLD _,77840573E 08
HEADOT 0°_6590175E-01
Q,C_R 9,12771182E _0

Q C+R 0,10836396E 06

IP_OB 0.23787777E 04
ALLUDE O.58135986E-06

RVEC 0.6371168bE 07
VEL(R) 0.17097016E 03
VEL(I) 0•54554396E 03
gULL V O•

CL O.14776434E OO
CD O.60779905E-O1
wEIGHT 0,54900026E 05
MACHNO 0,50243393E O0
SPEDOT-O,b8865903E OO

_°CCNV 0.I1349301E C4
G CONV 0,12297968E 10

IPRO_ 0,23787777E 04
ALLUDE 0,19073486E-05

RVEC 0,20902784E 08

VELIR) 0°56092573E 03

VEL(1) 0°17898424E 04

ROLL V O,
CL O •14770434E O0
CO 0,60779965E-O l
_EIGHT O,123420nOE 05

MACHNO 0,50243393E OO
SPEDGT-O•22593BOOE Ol
_•CCNV 0.10000326E O0

CCNV 0.10836235E Ob

TPHASE O•67605760E 02
LONG 0,42229768E 91

INCL O• 60634947E O0

GAM( R I-0.34971184E O0

GAM(II-D,IO758467E O0

ALPHA O• 2D943949E O0

LIFT 0°55055326E 05
DRAG O, 22645928E 05
LID 0•243111357E nl
DYNPRS O°17904069E 05
GA MDOT O, 38303374E-02
Q,RAD O.

Q RAD 0°70235432E 05

TPHASE O•bTbO57bOE 02

LONG 0.24195875E 03

INCL 0,34741265E 02

GAMI R )-0. 20037013E 02

GA;V(II-O.61641476E Ol
ALPHA 0°11999999E 02

LIFT O. 12376929E q5

DRAG O° 50910072E 04

L/D 0.24311357E O|
DYNPRS 0,37393426E 03
GAMDUT 0°21946216E O0
O, RAD O°

O RAD 0.61887267E Ol

METRIC O.70000000E 01
GEDLAT O.60949209E O0
TURN -0°28780213E O0
GECLAI 0,60634390E O0

HEAD R 0.15616189E O1
HEAD [ no15680193E 01
BETA -0.

L/W O.lO028301E OÂ
DIW 3•41249451E O0
N TOT 0.10843523E Ol
REYNLD 3°89159668E 08
HEADOT O°292qZ461E-03

Q,C+R 0°11349301E 04
O C+R 0.12298671E 10

ENGL• n.7OOOOOOOE Ol

GEDLAT 0,34921326E 02
TURN -9.16489867E 02

GECLAT O.34740946E 02
HEAD R o°Bg462711E 02
HEAD I 0.89840892E 02
BETA -0°
L/W 0.10028301E O1
DIW 0°4124945lE On

N TOT O.IOB43523E Ol

REYNLD O,BgISg648E 08
HEADO/ 0•1678336_E-01
Q•C÷R 0,10000326E O0
O C+R O. IOB36854E 06

:'"":" " o"i':"-:" 00.000.:. :..
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TABLE 7

eQO
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TYPICAL DIGITAL OUTPUT. ENTRY CONDITION G

TPHUB O,

ALTUOE 0,12192000E 06

RVEC 0,64998266E 07
VELiRJ 0,74800211E 04
VEL(I} 0,7882127bE 04
ROLL V-O.II344640E Ol
CL 0,98799998E-01

CO 0,66149995E O0
WEIGHT 0,5490002bE 05
MACHNO 0,163923_4E 02

SPEDOT 0,26238423E O0
Q.CCNV 0.17189307E 05

0 CCNV O,

TPHASE O.
LONG 0,33824680E Ol

INCL 0.54181908E O0

GAM(RI-O.27587652E-01
GAM(II-O,26179938E-01
ALPHA 0°45378558E O0
LIFT 0°69661026E OO
DRAG 0°46660653E 01
LID 0.14935752E O0
DYNPRS 0°33883904E OO
GAMDDT 0o14722909E-06
Q, RAD O°
Q RAD O,

METRIC O.[O000000E 01
GEDLAT-O.IO398671E O0
TURN 9.24137795E-02
GECLAT-O,IO329573E O0
HEAD R 9,10059122E 01
HEAD ! 9,10379473E Ol
BETA -0,
LIW 0,12688723E-04
D/W 0,84955363E-04
N TOT 0,85897715E-04
REYNLD 9,25224132E 02
HEADOT-D, I1637901E-03
Q.C+R 0,17189307E 05
Q C+R O,

TPROB O.

ALTUDE 0,400OO000E 06

RVEC 0°21324890E 08
VELiR) 0,24540752E 05
VELII) 0,25859999E 05
ROLL V-O,b4999999E 02
CL 0°98799998E-01
CO 3°bbI69995E O0
_EIGHT 0°12342000E 05
MACHNO O,lb392344E 02
SPEDOT 0°86084066E O0
J,CCNV O,1514blg0E O1
W CCNV O,

TPHASE O°

LONG 0°19379999E O_

INCL Oo 31043946E 02
GAM[R)-O. 15806561E Ol

GAM(II-O,I4999999E Ol

ALPHA 0,25999999E 02
LIFT O, ].5660422E O0
DRAG 0°1048519] E Ol
LID 0,14935752E O0
DY NPRS O° 7076174].E-02
GAMDOT 0.84356056E-03

Q. RAD O°
Q RAD 0 •

ENGL° 9. IOD00000E Ol
GEDLAT-O.59579997E Ol
TURN 0,_3829938E O0
GECLAT-D,59184096E 01
HEAD R _°57834525E 02
HEAD [ 9°59670001E 02
BETA -9,
t/W O°126887Z3E-04
D/W O,84955363E-04
N TOT 0,85897715E-04
REYNLD _°25224132E 02
HEADDT-O°b5534367E-02
Q,C*R 3,15146190E 01
Q C÷R O,

I

I
I
I

I
I
I

I

I
TPROB 0,38230484E 03

ALTUDE 0.63563604E 05

RVEC O°b4412942E 07
VEL(R} O°7U435718E 04
VEt(A| 0,7426417bE 04
ROLL V-O,I1344640E 01
CL 0°23799931E 00
CD 0°22454957E O0
WEIGHT 0o54900026E 05
_ACHNO 0,22778254E 02

SPEDOT-O°_7958487E Ol
Q°CENV Oo19368577E 07

CONV 0o30010036E 09

rPROB 0.38230684E 03
ALTUOE 0.20854201E 06

RVEC 3°21132855E 08
VEL(R) 0,23108831E 05
VEL(1) 0.24364887E 05
ROLL V-G.b4999999E 02

CL 0°23799931E O0
CD 0°22684957E O0
_EIGHT 0,123_2000E 05
MACHNO 0o22778254E 02
SPEDUT-O,I5734412E 02
_°CGNV 0°17066633E 03
O CCNV 0,26443051E 05

TPHASE 0,38230484E 03
LONG 0°37512634E 01

INCL O, 60042771E O0

GAM( R )-0,45474735E-].2
GAM( I l-0,43130427E-12

ALPHA 0°45378558E 00
LIFI O° 28388029E 05
DRAG O° 26819557E 05

LID D, IC584824E Ol

DYNPRS 0o57316754E 04
GAMDOT 0,15386736E-03
Q,RAD O, 17201913E q4
Q RAD 0,13961391E 06

TPHASE 0.38230484E 03
LONG 0,21493155E 03

INCL 0°34401973E 02
GAM(RI-O,26055104E-[O
GAM(II-O.26711914E-lO
ALPHA 0°25999999E 02
LIFT 0.63818828E 06
DRAG 0,60292762E 96
L/D 0°10584824E 01
DYNPRS 0°11970854E 03
GAMODT 0,88159504E-02
Q°RAD 0o15157298E O0
O RAD 0°12301946E 02

METRIC O.IO000000E 01
GEDLAT 0.13854969E 00
TURN -0,25186946E O1
GECLAT 0,13763415E O0
HEAD R O°94789827E O0
HEAD I 0°98445588E O0
BETA -0°
tlW 0°51708660E O0
D/W 0°48851696E 00
N TOT 0.71135601E O0
REYNLD 0.80695770E 06
HEADOT-O°50843757E-03
Q°C+R O,19385779E 07
O C+R 0.30023997E 09

ENGL, 0°10000000E O1
GEDLAT 0,79383125E Ol
TURN -0°14431057E 03
GECLAT 0°78858550E Ol
HEAO R 0.54310570E 02
HEAD I 0°56405167E 02
BETA -0,

t/W 0,51708650E O0
D/W 0,48851696E O0
N TOT O°TlI35601E O0
REYNLD 0,80695770E 06
HEADOT-O,Z913132?E-01
Q,C+R 0,17081590E 03
Q C+R 0°26455353E 05

I

I
I

I
I
I
I

I
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TABLE 7.--Continued

TYPICAL DIGITAL OUTPUT, ENTRY CONDITION G

TPROB 0,5049_984E 03

ALTUDE 0,66692404E 05

RVEC 0,64438446E 07

VEL(R/ D,b5818716E 04
VEL(I) 0.69487778E 04
ROLL V-O=II3_4640E 01
CL 0°23719725E OC
CD 0,22736554E 00
WEIGHT 0,54900026E 05
MACHNO O,21930355E 02
SPEDOT-O,28617428E 01
Q=CfiNV 0°12856683E 07
O CONY 0.49348633E 09

TPROB 0,50494984E 03
ALTUDE D°21880710E 06

RVEC D,21141221E 08
VEL(R) 0.21594067E 05

VEL(II 0,22797827E 05
ROLL V-O,b4999999E 02

CL 0,23719725E O0
CD 0.22736554E O0
WEIGHT 0.12342000E 05
MACHNO 0.21930355E 02
SPEDOT-D,93889201E O1
Q. CONV 0.11328541E 03
Q CONV 0,43483067E 05

TPHASE 0.12064500E 03
LONG 0,38560208E Ol

INCL O, 65593272E O0

GAPIR| O,I8189894E-II

GAM(I) 0,172294_0E-II
ALPHA 0,4537855BE O0
LIFT O, 16664685E 05
DRAG O. 15973942E 05
L/D O, 10432419E Ol
DYNPRS 0o33760549E 06
GA MOOT-O, I3085967E-03
Q. RAD O, 11283292E 03
Q RAD 0,23484957E 06

TPHASE 0,12064500E 03
LONG 0.22093372E 03

INCL 0,,37582176E 02
GA_(RI O. I0422042E-09
GAM(I) 0,98717418E-10
ALPHA O, 25999999E 02

LIFT 0,37463702E 06
DRAG 0.35910850E 06
LID O, 10432419E OI
DYNPRS 0°70510375E 02
GAMDOT-O, 74977066E-02
O, RAD 0,99421634E-02
O RAD 0.20693541E 02

METRIC 0,30000900E Ol
GEDLAT 0.21699316E O0
TURN -D,2_763116E O1
GECLAT 0.21558566E O0
HEAD'R 0.90551525E O0
HEAD I 0,94630224E O0
BETA -0,
L/W 0,303546_5E O0
DIW 0,29096459E O0
N TOT O,42047691E O0
REYNLD _.53428937E 06
HEADOT-O°20109836E-03
Q,C÷R 0,128578IIE 07
O C÷R O,493721IBE 09

ENGL, O,3000OO00E O1
GEDLAT 0.12432792E 02
TURN -O,141882ZOE 03
GECLAT 3,12352148E 02
HEAD R 0,51882202E 02
HEAD I 0,54219125E 02
BETA -0.

LIW D.3035_6_SE O0
DIW 0.29096459E O0
N TOT 0,42047691E O0
REYNLD 0,53428937E 06
HEADOT-D,II522087E-OI
Q,C÷R 0,11329535E 03
Q C÷R 0,4350376IE 05

TPROB 0,61999999E 03 TPHASE 0°11505016E 03 METRIC O.40000000E Ol

I

I
I

ALTUDE 0.70006177E 05

RVEC 0,64464281E 07
VEL(R) O,blbl9170E 04
VEL(II 0,65194040E 06
ROLL V-Oeb9813170E O0
CL 0.35690043E O0
CO 0,38422984E O0
WEIGHT 0,54900026E 05
MACHNO 0,2123_069E 02
SPEOOT-O°27153654E OI
Q. CCNV 0°83718670E 06
Q CCNV 0,61230963E 09

LONG 0,39474785E Ol

INCL 0.68754388E OO
GA PKR )-O. 73215149E-03
GAP( I I-0. 69200446E-03
ALPHA 0.66322508E O0
L IFT O, I40992 97E 05
DRAG 0°15178941E 05
L/D 0,92887224E O0
DYNPRS 0,18983332E 04
GAMDDT-D=I7540783E-03
O. RAD O,
O RAD O,2362DD19E 06

GEDLAT O.288129&2E O0
TURN -0,2464II22E 01
GECLAT 0,286305_9E O0
HEAD R 0,89331594E O0
HEAD I O,93668739E O0
BETA -0,
L/W 0.25681832E O0
D/W 0.27648368E O0
N TOT 0.37735756E O0
REYNLD 0.33951502E 06
HEADOT 0.18715554E-08
Q.C÷R 0.83718670E 06
Q C÷R D,61254583E 09

I
I

I

I

TPROB 0.61999999E 03
ALTUDE 0.22967906E 06

RVEC U.2II_9699E 08
VEL(R| 0,20216264E 05
VEL(I| 0,21389121E 05
ROLL V-O_39999999E 02
CL 0,356900_3E O0
CD 0,38422984E O0
WEIGHT 0,123_2000E 05
MACHNO 0.21234069E 02
SPEDOT-O.B9086792E Ol
O.CGNV 0.73767890E 02
O CCNV 0.53953067E 05

TPHASE O,II505016E 03
LONG 0,22617386E 03

INCL 0,39393362E 02
GAM(RI-O,41949190E-O[
GAN(II-O,396&B?35E-OI
ALPHA O=37999998E OZ
LIFT 0,31696480E O_
DRAG 0,34123617E 06
L/D 0,92887226E O0
DYNPRS 0,39647513E 02
GAMDOT-O.IOOSOI28E-OI
Q. RAD O,
O RAD 0,20812551E 02

ENGL, n,4oooooooE 01
GEDLAT 0.I6508599E 02
TURN -0.14118323E 03
GECLAT 0.16404073E 02
HEAD R O,SIIB3233E 02
HEAD I 0,53668234E 02
BETA -0,
L/W O.256BIBO2E O0
DIN 0*27648368E O0
N TOT 0.37735756E O0
REYNLD 3.3395150ZE 06
HEAOOT 0.10723222E-06
Q,C_R Oe73767890E 02
0 C÷R 0,53973879E 05

:'"":"i ."i':"-'" i-""'"*':":" :'"
".: ..: : ..: : .." .." ..- : ",° ..." • :

eee

°ee

o••

ee°

ER 14471-5 29



..:..::..::.........:....-:.-:
"" "'"""" : "i i" :""• : :. ;-. • •• •• O• • •0 00 • •

TABLE 7.--Continued

TYPICAL DIGITAL OUTPUT, ENTRY CONDITION G

[PROb 0.979999_9E 03

ALTUOE 0,,5308o092E 05

RVEC O.64266343E Q7
VEL(R) 0.40035329E 04

VEL{I} 0.43544812E 04

_(JLL V-J.ogB13170E r)O
CL 0.36317182E 90

CD 9.36892744E OO

,wEIGHT 0.54900026E 05
MAL_HNO 3.12057Z18E 02

SPEDUT-O.B2971548E Ol

_J.CCNV 0.61481674E Ob
_Q CLNV 0.92380209E 09

TPROB 0.97999999E 03
ALTUDE O.17416894E D6

RVEC _.21084758E 08
VELIR) 0.13331801E 05

VEL(I) O.14286350E 05

R_LL V-O•39999999E 02
CL 0.36317182E OO

CO 0.36_92746E OC

_EIGHT O.12342DOOE 05
MACHNG O,!2U57218E 02

SPEObT-3.27Z2Ib37E 02

Q•CbNV 0.54173979E 02
CdNV 0.8139992iE 05

TPHASE _.47505016E 03

LUNG 0.41869848E Ol

INCL O. 87297665E f}O
GA M( R I-0. 22432034E-Of

GAP( I I-D. 20932992E-01

ALPHA 0•66322508E 00
LIFT C,, 46BO66B4E 05
DRAG O, 47548487E 05
L/D O. 98439902E O0
DYNPRS 0,61032382E 04

GAMDUT-O• 73 758059E-04

()•RAD 0°12990742E 03
Q RAD O.2qb95428E 0b

TPHASE 3.47505016E 03
LONG D•2398449gE 03

INCL 0•50017877E 02
GAP(RI-D. 1285260gE (11

GAM( I |-0.I1993721E 01

AL FHA O, 37999998E r)2
LIFT O. 10522561E 05
DRAG O. I .no89325E 05

LID O. g8439902E O0

DYNPRS C.]2934848E 03
GAML)OT-9.4226325/+E-02

Q, RAD 0•!1446660E-01
Q RAD O,261bbTIgE 02

METRIC 0.400_0_09E Ol

GEDLAT 0•48335614E Oq
TURN -O.23107527E Ol

GECLAT 9.48059612E Oq

HEAD R _.73995638E O0
HEAD I 0.81050554E O0
_ETA -0•

L/W 0,85258153E _0
D/W 0,866093_3E O_
N TOT n.12153243E O!

REYNLD _•13172526E 07
HEADOT-O,IO266954E-02

Q.C+R D,61494665E 06
Q C÷R 0,92409904E 09

ENGL. O.4000030OE nl
GEDLAT )•27694152E 02

TURN -0.13239638E 03
GECLAT 3,27536129E 02

HEAD R _•42396377E 02
HEAD ! 0•46438547E 02
BETA -0•
L/W 9,85258153E OP
D/W 0.86609343E O0

N TOT 0,12153243E 01

REYNLD 0,I3172526E 07
HEADOT-?.SB825316E-01
Q.C÷R 0•54185425E 02

O C+R O.B1426nBTE 05

I
I
I

I
I
I

I
I

I
TPRO_ O.II743064E 04

ALTUUE 0,4114_OPGE 05

RvEC ).O41326BOE _7
VELIKI 3.21510921E 04
VEL(II 0.23239856E 04
KOLL V-).b9813170E no

CL _.36924848E O0
CO 0.36743577E OC
WEIGHT 0,54900026E 05

MACHNO O.6oOOGl21E Ol

SPEDOT-O.IO402461E 02

Q. CCNV O.ITbI6799E 06
U CCEV 0.99992903E 09

TPROB O.II743Db4E 04
ALTdUE O°I3500000E 06

RVEC 0.21040906E 08
VEL(RI 0.705738_8E 04

VEL(1) 0.76246250E D4
RCLL V-O.39999999E 02

CL 0.30924848E O0

CO U°36743577E O0
_EIGHI Q.123420OOE 05
MACHNU 0.56005121E OI

SPEDUT-O.B4128809E 02
Q. CCNV 0.15522871E 02

Q CUNV 0.88107772E 05

TPHASE 0.66935564E 03

LONG 0.42470368E Ol

INCL 0. I1277778E Ol
GAM(R)-D.41290349E-nl

GAM(I)-O.BB21698CE-OI
ALPHA 0.66322508E O0

LIFT O.60bI4713E 05

DRAG O. 60317143E 05

LID O• InO49334E Ol
DYNPRS 0.7888263DE 04

GA MDOT-O. 25597956E-03
_.RAD C•

Q RAD 0.30164711E 06

TPHASE 0,66935664E 03
LUNG 0.24333729E q3

INCL _.64616909E 02

GA_(R)-D. 23657627E _I
GAM( I}-O,21896719E 01

ALPHA 0.37999998E 02
LIFT 0.13626729E 05
DRAG 0.13559833E 05
LID 0•I0049334E Ol

UYNPRS O.Ib474#80E 03

GAMDOT-O. I4666548E-O!
Q•RAD O.

Q RAD 0°26579341E 02

METRIC 9.40C09330E el
GEDLAT n.56ogg136E O0

TURN -0.19405531E Ol
GECLAT _.55797_80E O0

HEAD R 9.3bOTb683E _0
HEAD I 0•52973878E O0

BETA -0.

LIW O.11040941E Ol

DIW 0•I0986739E O1
N TOT 9•15575969E Ol
REYNLD 0.33414599E 07
HEADQT-n,30757083E-02

Q.C÷R 9.17616799E 06
Q C+R 0.100023_6E 10

ENGL. 0.4000O3OOE 01
GEDLAT 0.321_2_3BE 02
TURN -_,llllB6OTE 03
GECLAT 3,31969372E 02
HEAD R 9,2!lB6079E 02
HEAD I O•30351796E 02
BETA -0,

L/W 3•l1340941E Ol
DlW n.lO986739E nl
N TOT 3.15575959E 91
REYNLD _°33414599E 07

HEADOT-D°lTb22510E O0
Q°C÷R O,I5522871E 02
Q C*R 0.88134352E 05

I

I
I

I
I
I

I
I
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TABLE 7. -- Continued

I TYPICAL DIGITAL OUTPUT, ENTRY CONDITION G

I

I
I

I
I

I
I

TPROb l),13186453E 04
ALTUDE _,28769628E C5

RVEC 0,64002923E 07
VELIR) 0,72578097E C3
VEL(II 0,67248775E 03
RCLL V O.
CL O,208bO544E O0
CO 0.17630332E O0

wEIGH1 0.54900026E 35

MACH_O D°2600OI52E el
SPEOOT-O°22690376E 01

O.CCNV 0°14477565E 05

0 CCNV 0.I0108831E IP

TPRO_ O.13186453E 04

ALTUDE O.94388545E _5

RVEC 0.20998335E C8
VELIRI 0,23811712E 04
VEL(I} U°22063267E 04
ROLL V O°
CL O°20866566E OC

CO 0.17430332E O0
.EIGHT 0,123420COE 05

MACHNO 0.24C00152E Ol

SPEDOT-O.T3787326E Ol
O°CCNV O,I2756765E _I

Q CONV 0°89072980E 05

TPHASE O,

LONG 0,42513312E Ol

INCL 0,!4474354E Ol

GAPIRI-O,I5441053E O0

GAM(1)-3,I6675759E qO
ALPHA C,26179937E O0

LIFT C°24887835E 05
DRAG n°20796570E 05

LID 0°I1967278E Ol
DYkPRS O°ST313726E 06

GAMDOT-O,TO345616E-02
Q°RAD O,

Q RAD 0,30164711E 06

TPHASE O,

LONG O.26356614E 03

INCL G,82931939E 02

GA I'(R)-O, 8847071_.E n!

GAM( I)-0.95545064E Ol
ALPHA 0°16999998E 02

LIFT O, 55950079E 06
DRAG 0.66752551E 04

L/C O° 11967278E O1
DYNPRS 0°I1970221E 03

GAMDOT-O°4D305069E O0
g),BAD 0,
O RAD n.26579361E 02

METRIC 0,60000930E Ol

GEDLAT 0,59167718E O0
TURN -O,II543800E 01

GECLAT 0,58857249E On

HEAD R-O°41641627E O0
HEAD I O,I6848690E _0

BETA -Q°

LtW 9.65333073E O0
DIW 3°378BO855E on
N TOT 3,59076617E qO
REYNLD 0,8123!336E 07
HEADOT _,509_757!E-04
O,C+R 9,16677565E 05

Q C+R O.IOIIIB68E I0

ENGL. O,600noooOE Ol
GEDLAT 0,33900605E 02

TURN -_,66141105E 02

GECLAT 0,33722720E 02

HEAD R-_°23858895E 02
HEAD I Q,B5076731E 01
BETA -n°
L/W 3,65333073E O0
D/W O,37880855E O0
N TOT 0,59076617E O0

REYNLD O,8t231336E 07
HEADOT D°2gI90_8E-02
Q.C+R 3.12756765E Ol

Q C+R 0.89099559E 05

I
I

I
I

TPROB O,I440DOOOE 04

ALTUDE O,!2448607E 05

RVEC _.63838105E 07
VEL(RI 0,26549455E 03
VELIII O°3BI32598E 03

RCLL V 9°

CL 3,19505713E 00
CO _,13013373E O0
_EIGHÂ 0°54900026E 05

MACHNO O,89979051E PO

SPEDOT-O,79770260E OC
_°CCNV 0.22185025E 04

C CENV 0,I0119590E Ir

TPHASE 0,12135463E 03

LONG 0,62467683E Ol

INCL 0,85165269E OC

GA M(R l-O. 66309666E OO
GAM(II-D,303126nIE on
ALPHA O. 26179937E O0
LIFT 0,41589207E 05
DRAG 0,27746529E n5

LID D,I4988976E Ol

DYNPRS O, IDZ45581E 05

GA MDOT-O° 52 8[_1108E-02
Q, RAD O,

O RAD 0,30164711E 06

METRIC O.600009OOE Ol

GEDLAT 0,59979926E OO

TURN -0,I1623933E Ol
GECLAT 0.59667625E On

HEAD R-O°6qB603OIE O0
HEAD I 0°92122193E O m

BETA -0,

L/W O.T5754563E O0
D/W 9,5q56P172E OC
N TOT 0,91066238E On

REYNLD 0,61356696E 08
HEADCT n,7383379BE-04
O,C+R 0.22185025E 06
0 C+R O,IOI226D6E 10

I
I

I
I
I

TPHdB 0,14400000E 04

ALTUDE O,40U41887E 05

RVEC O°2n944260E 08

VEL(k! O°d7104449E 03

VEL(I! 0.1251_695E 04
RCLL V O.

CL 0.19505713E O0
CO 0.13013373E O0

_EIGHT 0,12342000E 05
MACHNU 0.89979051E O0

SPEDOT-Q,26173313E nl
Q,CCNV O,I956B!IgE O0

_J CCNV 0,89167779E 05

TPHASE C,12].35463E 03
LONG 0,24332075E 93

INCL 0°68796104E 02

GA M( R)-O, 25387557E 02
GAM( I)-0°17367842E 02

ALPHA 0,14999998E 02

LIFT O, 93696257E 04
DRAG O. 62376680E 04
LID 0,14988976E Ol

DYNPRS 0°21398552E 03

GA MDOT-f_,3D252806E O0

t.),RAD O,

Q RAD O,2657934|E q2

ENGL, O,600ooOnOE Ol
GEDLAT 0,34365966E 02

TURN -0.666qO_31E O?
GECLAT 9,34_86916E 02
HEAD R-?,23399769E 02

HEAD I 0,52782129E 02
BETA -O,

L/W 0,75756543E O0

DIw _.5054nt72E O0
N TOT 0.9106623BE on

REYNLD O°41356696E 08
HEADOT 3,62303650E-02

O,C+R _,19568119E O0
O C+R 0,8919635BE 05
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TABLE 7.--Concluded

ooo

ooo

TYPICAL DIGITAL OUTPUT, ENTRY CONDITION G

TPRO_ 0.15114862E 04

ALTUDE 0,59999272E 04

RVEC 0°63773196E 07

VEL(R) OoI8986541E 03

VEL(I| O.3bI63897E 03

KOLL V Oo

CL 0013897759E O0

CO o.dg293703E-OZ

_EIGHT 0,54900026E 05

MACHNO _0599997_bE _

SPEDUT-_,IT583113E Om

O. CCNV O.llbO8447E 04

CONV 00101207_8E In

TPHASE O.

LONG _,42456471E Ol

INCL O, 74391917E O0

GAP( RD-Oo30906828E .00

GAM( I|-D.20544142E O0

ALPHA O, 20943949E O0

LIFT O, 34411 598E 05

DRAG 3022109601E 05

L/C O. 15564097E OI

DYNPRS 0,11898223E 05

GA MDO T-O, 15].57479E-01

Q,RAD O.

O RAO 9030164711E q6

METRIC O,70000000E 01

GEDLAT ?,60192098E On

TURN -_011668829E 01

GECLAT 0059879080E O0

HEAD R-O,40391342E O0
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Figure 24 (entry condition K) shows a typical supercircular entry condi-
tion. This condition is an inertial entry velocity of 30 000 fps (9.14 km/sec),
and an inertial entry angle of -6 ° . The control laws used in the simulation
of this condition differ from those described for the previous entry condition.
The difference is in the use of bank angle modulation, starting at the bottom
of the first skip, to maintain a constant altitude while decelerating to an
equilibrium flight condition. A principal experiment associated with the
supercircular velocity entry condition is to measure and to determine the
effects of high heat transfer rates, both radiative and convective. For this

reason, the supercircular entries will be flown near L/D
max.
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3. Landing

In a typical return from orbit, the D/3 will be flying toward the landing
site at an altitude of 80 000 feet (24.4 km) and a relative airspeed of 2200 fps
(0.67 km/sec) when it reaches the high-key window in the final landing
pattern. Gross heading angle and position adjustments will be made by the
entry vehicle at this time.

At the mid-key window, figure 25, the entry vehicle banks to initiate a
turn to align with the runway. At the mid-key point, the entry vehicle is
about 15 nautical miles (27.8 km) uprange of the runway, and about 3 minutes
to touchdown. A load factor of 1.2 g is maintained during the turn, resulting
in a turning radius of about 5 nautical miles (9.25 kin). The amount of turning
required depends upon the preceding orbit conditions.

By the time the low-key window is reached, the entry vehicle is aligned
with the runway, approximately 3 nautical miles (5.55 kin) uprange of the
touchdown point, and at an altitude of about 7000 feet (2.13 km) above the
runway.

The final 20 seconds of the landing trajectory before touchdown is shown
on figure 26. Twenty seconds before touchdown the D/3 is at an altitude of

3860 feet (1. 18 kin) and 1.55 nautical miles (2.87 krn) uprange of the touch-
down point. The relative flight path angle will be -30 ° and the indicated,air-

speed will be 331 knots (170 m/sec). FRC pilots have expressed a preference
for an indicated airspeed in excess of 300 knots (154 m/sec) at this point in
the landing maneuver. The runway altitude at Edwards AFB is 2300 feet
(701 m) above sea level. Therefore, the height above the touchdown point is
about 1560 feet (475 m) at the start of the final flare.

A 2g pullup is maintained by increasing angle-of-attack as airspeed de-
creases, until the sink rate is reduced to less than 13 fps (4 m/sec). At this
point, the entry vehicle is 151 feet (46 m) above the runway and 0.79 nautical
mile (1.47 kin) uprange from the touchdown point. The time to touchdown is
about 11 seconds.

i ..: ..: : ..: : .." .." ... : "." ..: ".:ER 14471-5

The landing gears are deployed about 5 seconds before touchdown and are
completely extended in 2 seconds. In the last second before touchdown, some
leveling off of the vehicle can be expected because of ground effects on the
aerodynamic characteristics.
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Touchdown occurs at a velocity of about 226 knots (116 m/sec) at an angle-"

of-attack of about 20 ° Slide-out, using a drag chute is generally completed
in 22 seconds after touchdown, covering a runway distance of approximately
2600 feet (793 m) from touchdown.

4. Sequence of Events

A sequence of events relating time to specific occurrences during the basic
3-orbit mission (entry condition C) is tabulated in table 8. Time is shown as
hours, minutes and seconds before and after liftoff with the initial event (pro-

pellant loading) occurring 10 hours and 50 minutes (39 ksec) before liftoff,
and the final event (crew egress) occurring 4 hours, 58 minutes and 30 sec-
onds (17.9 ksec) after liftoff. The sequence of entry vehicle subsystem opera-
tions, crew tasks and ground operations is discussed l_ter (pp 72 to 79).

!

I
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5. Abort

The entry vehicle systems designed for emergency abort situations include
two abort motors, two deorbit motors and a complete vehicle parachute re-
covery system. These systems, when used in conjunction with the launch
vehicle malfunction detection system, the entry vehicle guidance and control
system, pilot displays, and logic for the guidance computer, provide adequate
abort capability beginning on the pad and through orbit insertion. Once in
orbit, the abort procedure is identical to a normal deorbit event.

Figure 27 describes the abort techniques. There are four abort modes,
each selected to cope with a specific period during the ascent phase. Re-
covery from any of these abort modes could be accomplished using the com-
plete vehicle recovery chute system or by the conventional horizontal landing
approach, if a suitable landing strip can be located within the available
maneuver envelope. Horizontal landing on the African continent will, most
likely, not be desirable for political reasons. Except for possible horizontal
landings in Bermuda and KSC, following a launch abort very early in the
launch trajectory, the majority of the abort recoveries can be expected .to
employ the chute recovery system and a vertical water landing. The maneuver
capability of the entry vehicle will be employed predominantly to locate the
recovery touchdown point to facilitate crew and entry vehicle pick-up.
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During Mode 1, the KSC Range Safety guidelines will not permit the shut-

down of the launch vehicle engines until such time that assurances exist that
the booster will fall back into the water and not on land. Dynamic pressure
during this period is sufficiently low that separation between the entry vehicle
and the launch vehicle can be readily attained by firing the abort and deorbit
motors sequentially. A pitch and roll maneuver is required during the abort
trajectory to avoid aerodynamic stalling (for the off-the-pad abort) and sub-
sequent fall-back into the fireball and overpressure environment. The apogee
altitude following a pad abort is in excess of 1500 feet (0. 458 km) and provides

I

I

I
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adequate time for deploying the vehicle recovery chutes and reaching equi-
librium descent rates before landing.

During Mode 2, launch vehicle engine shutdown is permitted and is re-
quired, especially at the time of maximum launch dynamic pressure. Jetti-
soning of the adapter and spent solid propellant abort motors is accomplished
immediately after burnout. The abort trajectory then proceeds to a horizontal
landing at Bermuda or to a vertical parachute landing at a designated off-
shore recovery area.

The dynamic pressure environment during the Mode 3 and Mode 4 phases
of the launch trajectory is practically negligible. The probability of structural
failure due to airloads is minimal. Most malfunctions requiring abort during
these two modes will, therefore, not have the same urgency as in the first
two abort modes. Warning and reaction times for these modes may be such
that the crew can delay initiation of abort to a more advantageous time for
recovery operations.

Ascent aborts at or near a relative velocity of 23 000 fps (7 km/sec) could
result in an African landing which is not desirable. Figure 28 shows how
African landings can be avoided by utilizing the existing abort and deorbit
motors which provide a velocity change up to 570 fps (174 m/sec).
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Retrograde thrust followed by entry at C L allows abort to occur at

max.

as high as 23 070 fps (7 km/sec) and 448 seconds (t 2) after liftoff. Landings

up to this time will occur outside the 3 nautical mile (5.55 kin) limit on the
west coast of Africa, as shown on the right side of this chart.

For abort above 448 seconds, posigrade thrust with subsequent entry at
L/D will result in touchdown outside the 3 nautical mile (5.55 kin) limit

max.

on the east coast of Africa; above 452 seconds (V I = 23 500 fps) (V I = 7. 17

km/sec), no posigrade thrust is required to avoid landing in Africa.

Initial conditions for an 80/200 nautical mile (148/370 km) orbit can be

achieved at abort above 459 seconds (t4), using the abort rocket motors for

up to 310 fps (94.5 m/sec) increase in velocity and saving the deorbit motors
for orbit return.

I

I

I
Various trajectory considerations related to abort are discussed in Part

III in the Flight, Abort Analyses. Propulsion system descriptions are pre-
sented in Part IV, and in Part VII, Selected Entry Vehicle Design.

6. Flight Recovery Concepts

In the event of an abort during launch or while in orbit, capability of re-
covery by parachute is available to the pilot. Horizontal landing to a desig-

nated runway is also possible at least once each orbit if abort can be delayed.
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The parachute recovery sequence is shown in figure 29. Just prior to

chute deployment, the vehicle flight path angle is changed (_ = +20 °) to allow

correct alignment for chute deployment. Initially, the vehicle structure (a

continuous skin design) above each main wheel compartment where the main

chute canisters are stored is cut and released by pyrotechnic shape charges.

The aft end of each canister is rotated to protrude above the vehicle outer

skin surface by positioning actuators. Next, the pilot chute ejection mortars

fire, extracting the pilot chutes which provide the drag necessary to extract

the main chute packs. The main chute risers generate a resisting force to the

chute package as it is being accelerated by the pilot chute. This force fails

the riser tie-down to the chute pack, opening the chute pack and extracting the
main chute suspension lines and canopy. The main chutes are extracted in a

2. 5 percent of full chute canopy reefed condition. The main chute at this time

is anchored to the vehicle aft structure in a manner that the chute forces act

through the vehicle center of gravity, reducing vehicle perturbations.

The chutes remain in a reefed condition and anchored until predicted ter-

minal velocity dynamic pressure, q, is reached whereupon a q switch acti-

vates de-reefing and mooring release allowing chute riser and harness cable

to tear through ablative material to its final forward anchorage point which

positions the vehicle in a tail down 70 ° inclination for land or water impact.
NASA studies show that this attitude will result in low load factors and an

upright position in a water landing. For land based recovery, this attitude

permits maximum structural deformation for high impact energy absorption

and low g. During pad abort the q switch will not be activated thereby per-
mitting the chutes to bypass the reefing cycle. Studies show that at a mini-

mum pad abort boost altitude of 1500 feet (458 m) ample time exists for full
chute deployment and vehicle deceleration.

During the horizontal landing recovery mode, crosswinds can be a problem

in maintaining runway alignment after touchdown. The results of a digital
landing study are shown in figure 30. This study shows that for a skid friction

coefficient of 0.4, a rudder setting of +20 °, and a deceleration chute in a

steady 20 knot (i0.25 m/sec)crosswind, the vehicle would not deviate laterally

more than 50 feet (15.2 m) from the runway centerline. The resulting stop-

ping distance is 2621 feet (800 m). Pilot rudder control can be employed to

eliminate slight oscillations due to varying crosswind velocity.

7. Landing Hazard Analysis

The hazard to the population surrounding the primary landing site at FRC
(Edwards AFB) and the possible alternate at Eglin AFB for a typical manned

maneuverable entry vehicle has been analyzed in an independent study. Sum-
mary results of this study are included here because of their relevance to

the entry research program. An overall mission reliability of 90 percent was

assumed, and population densities vcere taken from Rand McNally Commercial
Atlas and Marketing Guide for 1966.

Two malfunction categories were analyzed: (i) ballistic impact which

would follow complete loss of control of the entry vehicle and a tumbling
motion, and (2) normal flight to an erroneous landing point. The second
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category requires a stable controlled vehicle having a malfunction in the guid-
ance system that is equivalent to an erroneous trajectory program. This
assumes that the astronauts do not detect this malfunction and therefore can-

not take corrective action. This unlikely situation is arbitrarily chosen to
yield 2 percent of the expected malfunctions.

The total hazard for an approach to Edwards AFB from the west is 0. 3720

x 10 -6 (casualties per flight) for a ballistic impact and 0. 0074 x 10 -6 for a

normal flight to an erroneous landing point. Figure 31 shows the footprint
coverage as a function of distance from touchdown.

The total hazard for an approach from the west to Eglin AFB is 0. 3376
-6 -6

x 10 for a ballistic impact and 0. 0013 x 10 for a normal flight to an
erroneous landing point. The footprint coverage as a function of distance
from touchdown is shown in figure 32.

The significance of the hazard can be related to a number of flights per
year. For example, 10 flights per year into Edwards could result in one
casualty of the civilian population every 575 000 years (18.1 tsec). Even
with 10 flights every day, the average casualties would be only about one
every 160 years (5.0 gsec).

8. Aerodynamic Interface

The entry vehicle and adapter should be mounted on the launch vehicle with
an orientation which minimizes structural loads. Based on available wind

tunnel data, the present study estimated the desired orientation between the
centerlines of the entry vehicle and the launch vehicle (the incidence angle)
with the goal of minimizing total bending moments at the adapter/entry ve-
hicle interface. Only static loads were used in this analysis, but these in-
cluded normal and axial airloads in addition to inertial loads. The design of
the launch vehicle allows for a level of dynamic loads in wind environments
with specific guidance and autopilot characteristics.

A detailed design effort would include additional wind tunnel tests and
structural analyses to complete the complex aerodynamic interface criteria
and specifications. In the present analysis, preliminary aerodynamic data
of reference 1 were used.

Parametric force and moment data as functions of angles of attack and
incidence are shown in figures 33 and 34 for Titan and Saturn adapters, re-
spectively. It is assumed that the boosters will fly up to a 6 ° angle-of-attack
at the time of maximum airloads. The incidence for which the moments are

equal for both positive and negative 6 ° angle-of-attack was selected as optimum.
The optimums were:

i = 2.5 ° for Titan
i = 3.3 ° for Saturn

Table 9 summarizes loads as functions of vehicle size for maximum dy-
namic pressures representative of nominal ascent flights. This table does
not include axial inertial loads which are dependent on payload weight and
trajectory acceleration.
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Ill. DEVELOPMENT PROGRAM PLANS

This section examines the major functions, activities, events and physical

resources required to implement the total Lifting Entry Research Program.
These elements were transformed into flow charts, schedule plans, equip-
ment and facility lists, test plans, refurbishment plans and facility utiliza-

tion charts. The data were finally resolved into cost mathematical model
inputs for the purpose of computing total program costs of a variety of vehicle
sizes and research programs.

A baseline technique was used in this study because of the great amount

of program commonality among the various combinations of entry vehicle
sizes and flight programs. Most subsystem development was determined to
be independent of entry vehicle size. Because the Titan III-5 launch vehicle

was designated for all entry vehicle sizes, the launch, orbital and mission

support operations are also independent of entry vehicle size. Entry vehicle
design, development, fabrication and testing are nearly common to all sizes
of entry vehicles. Further, the basic program up to the first research flight

is almost identical for flight programs ranging from 5 to 15 orbital/entry
missions. Because of this, a single baseline program plan from program

definition phase ATP through a nominal number of Ii research entry flights
was prepared. Minor modifications and additions to this baseline plan were

then applied to generate cost data for 12 entry vehicle size and flight program
size combinations.

In general, the development program plans were built upon the experience
of recent and current space programs with well established precedents.
Where new concepts of implementation were required, substudies were con-

ducted to examine several feasible approaches.

A. DEVELOPMENT PLAN INPUTS

The first step in the development of a total program plan was to establish
a set of ground rules and constraints based on the study work statement and

certain additional requirements felt to be critical to the study. The next step
was the preparation of sequential operational plans (functional flow diagrams)

to help define test programs, support equipment and program facilities.
Various sources of data, such as recent and current space programs, study

reports, were then examined for performance schedules, test programs,
development and operational support, facilities required and other inputs

pertinent to program seoping and costing. Finally, concurrent programs that
would relate to the HL-I 0 Entry Research Program by either supporting or
facility sharing were identified.

i. Ground Rules and Constraints

The following ground rules and constraints were established to help reduce
the number of variables in the final cost and effectiveness analysis and to as-
sure uniformity in the nonvariable inputs.
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General program philosophy and approach. - The entire Entry Research-

Program is assumed to be normally paced, that is: medium level priority
for procurement of time sensitive items; completion of missions (entry re-
search) to be time-critical only insofar as costs are concerned; and disci-

plined schedule and cost control. In general, single shift engineering and
fabrication are assumed in the first phases of the program with multiple

shifts partially employed during major systems tests, launch site prepara-
tion, and certain critical phases of flight data reduction. Reliability and

crew safety are treated similarly to the Gemini program in terms of analysis,
documentation and demonstration. Some schedule overlap is permitted. For

example, basic structural design is initiated before all wind tunnel testing
has been completed or engineering systems tests on a complete prototype

entry vehicle are initiated before all component qualification tests are com-
plete.

Support programs considered.- Three programs are considered to make
significant inputs into the HL-10 Entry Research Program: (I) USAF PRIME
hypersonic re-entry program, (2) the air-launch program at FRC, Edwards

using the HL-10 glide vehicle, and (3) the Apollo program. Although this
study does not require a specific calendar start date, it is assumed that per-
tinent data from the three named sources will be available during or before

the Program Definition Phase.

Pertinent USAF PRIME program data would consist chiefly of heat shield

performance prediction correlation, effect of ablation containments and gen-
eral confirmation of performance prediction techniques for hypersonic medium
L/D vehicles. The HL-10 air-launch program at FRC, Edwards is also assumed

to provide some useful subsonic and transonic performance correlation data

even though the D canopy version is not being flown at present.

Many of the entry vehicle subsystems designated in this study are identical,

or very similar, to items in the Apollo Command Module and the LM; Earth
orbital and entry performance data is assumed to be available at the begin-

ning of the Entry Research Program.

Concurrent programs using common facilities. - Major facilities such as
FRC, Edwards, Kennedy Space Center, Merritt Island, Saturn IB and Titan
III complexes, the MCC (Mission Control Center) at MSC-Houston and the

MSFN (Manned Space Flight Network) will be able to support the HL-10 Entry
Research Program during the 1969 to 1974 time period. This is based on
analysis of the latest Titan III launch operations plans, Saturn IB and Apollo

plans for 1967 through 1972, and the operating capacity of MCC-Houston and
MSFN. It is further assumed that one or more B-52 aircraft will be available

for modification to carry the operational sized HL-10 air-launch vehicle.
General facilities that currently support the X-I 5 and other NASA programs

are also assumed to be available to support the HL-10 air-launch and ter-
minal landing operations.

Program authority to proceed. - Schedule plans for this study are predi-

cated on a variable start date. In general, schedules in this study are shown
in terms of months or weeks after authority to proceed. In some instances,
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however, cost analysis depends upon absolute calendar times to evaluate
dollar inflation trends, cost of launch vehicles as a function of number pro-
duced and other time dependent cost factors. For these exceptions, it is
assumed that Phase B, the Final Definition Phase, will start in January
1968.

Integrated test approach. - The test philosophy is one of technical adequacy
and maximum obtainable crew safety at minimum cost. Therefore, all tests
are planned to assure a high probability of accomplishing the defined research
with the lowest possible risk to the flight crew. Time is considered critical
only where cost and/or safety are involved. Development test objectives are
to obtain basic design and environmental data, evaluate performance of pro-
totype hardware, screen piece parts and components, qualify components by
operation under environmental stress and evaluate subsystem interaction and
compatibility by operation of test vehicles. Operation test objectives are
acceptance of flight articles at both component and entry vehicle levels, final
preparation and evaluation of the entry vehicle at the launch site, and evalua-
tion of the entry vehicle after return and prior to refurbishment. The inte-
grated test plan encompasses inspection, monitoring, documentation and test
procedure controls as necessary to maintain and assess entry vehicle and
GSE quality. Multiple use of test facilities and test articles is applied wher-
ever feasible. In general, reliability tests will be designed to demonstrate
adequate environment and operating life margins and functional performance
within tolerance. Demonstration of specific reliability numbers at confidence
levels is not considered in the integrated test plan. Tests phases are gen-
erally to be planned such that outputs of one test which are critical to another
test are connected in series to the inputs of that test.

Number of research flights. - The number of unmanned and manned entry
research flights is variable in the cost and effectiveness analysis for size
selection. A plan of two unmanned and five manned flights is singled out as
a basic reference plan as stated in the study statement of work.

Two unmanned flights. - The two unmanned flights recommended in the
study statement of work will apply to all flight programs evaluated in this
study since their primary purpose is to qualify the entry vehicle for manned
flight.

Refurbishment and recycle limitations. - Each manned vehicle will have
reuse capability with turnaround time (recovery at FRC to launch at KSC}
3 months as stated in the guidelines and constraints of the statement of work.

These guidelines are expanded to allow refurbishment of unmanned entry ve-
hicles for backup to the flight plan providing adequate configuration control
and reliability discipline. Also, the 3-month turnaround time is considered
to be a design capability and may be expanded in the early turnaround cycles
if warranted by reason of research value or anticipated learning curves. A
limit of 4 turnaround cycles is arbitrarily imposed due to limited information
on spacecraft reuse.

Spares and backup vehicles. - A backup entry vehicle will be maintained
in current configuration and systems checkout status at the factory site. In
the event of mission abort, the backup vehicle will be delivered to KSC for
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normal processing and launch preparations consistent with launch vehicle and.

operations constraints. Spare components and modules will be maintained at

the entry vehicle factory and at KSC to provide support consistent with esti-
mated failure rates and wear out under assembly and testing environments.

Wind tunnel program constraints. - The additional wind tunnel tests in the
development plan are integrated with tests completed as of 1966 by LRC and
their contractors. No additional wind tunnel tests are assumed prior to the

start of the HL-10 Entry Research Program. A summary of completed tests
is shown in figure 53.

Facility utilization assumptions. - Facility utilization is based upon the

following assumptions.

Launch: The Titan Ill, Pad 40 or Saturn IB, Pads 34 and 37, will be avail-

able for launch operation for whichever launch vehicle is selected. Pre-erec-
tion checkout will be at Merritt Island facilities in either case.

Recovery: The main recovery site will be FRC, Edwards AFB. Existing
and planned facilities such as runways, service buildings, tracking, commun-

ication, and high speed digital computers are assumed to be available on a
time-shared basis. Eglin AFB inFlorida is designated as the alternate landing
site. Existing facilities are also assumed to be available on a time-shared

basis. The NASA and USAF abort recovery, instrumentation and tracking

ships are considered available to support the HL-10 research flights subject
to Apollo and USAF ]VIOL program constraints.

Refurbishment: No facilities exist for entry vehicle refurbishment. It is
assumed that refurbishment facilities (other than checkout, test and other

equipment peculiar to the entry vehicle) at the factory will be funded out of

the entry vehicle contractor' s capital. Should refurbishment be considered
at the KSC launch site or FRC recovery site, facilities peculiar to the HL-10

will be considered as part of the program cost.

Transportation: Transportation of the entry vehicle and adapter from fac-
tory to launch site and from recovery site to refurbishment site is considered

as available through Government bill of lading.

Program direction and operations.- For the purpose of this study it is a
assumed that the HL-10 Entry Research Program will be completely procured

and directed by NASA. The Titan III launch vehicle will be procured from
USAF in a manner similar to the Gemini program. Specific organizational

relationships pertinent to this study are assumed as outlined below.

NASA program direction: Program planning and costing assumes that

overall direction will be by NASA. USAF will support the program with range

facilities and operations, launch vehicle provision, some of the flight crews

and possibly some experiments. Program direction of the various launch

vehicle, entry vehicle and support contractors will be carried out by a NASA

program office. This office will also coordinate the various agencies involved

in planning and operations, including MCC-Houston, IVISFN, launch operations
at KSC, the National Range, and FRC, Edwards.
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Entry vehicle and launch vehicle contractors: The major procurement
will be with the entry vehicle and launch vehicle contractors. For the pur-
poses of costing, a prime entry vehicle contractor with subcontractors and
no associate contractors is assumed. The Titan III will be procured by NASA
from USAF in the same manner as the Gemini launch vehicle. Technical

monitoring of the contractors by NASA includes system specification, develop-
ment and qualification testing, configuration control, reliability assessment
and buy-off inspection and acceptance.

NASA-range-contractor relationships: These interfaces and relationships
are considered to be similar to those that were developed for the Gemini pro-
gram.

Facility activation and modification: Activation engineering will be done by
the entry vehicle and launch vehicle contractors under a NASA approved spec-
ification.

Mission operations: The NASA launch operations director will have con-
trol of the launch vehicle and entry vehicle up to pad clearance (liftoff), at
which point the MCC flight director will take control. This control is main-
tained until FRC acquires UHF link with the entry vehicle at which time a
terminal flight director will take over the operations. Abort recovery forces
(both Air Force Rescue Service and Navy Recovery Forces) will be under
MCC control during the mission.

Data recovery and analysis: A full set of data tapes from ground stations,
ships and from the entry vehicle will be made available to the entry vehicle
contractor for evaluation. Research data tapes will also be provided for
research task contractors, should they be designated.

Abort demonstration approach. - Crew safety requires that mission abort,
at critical phases of the program, be fully demonstrated by unmanned flights.
Three critical abort conditions are considered: (1) abort from the launch

pad, (2) abort at high altitude and velocity prior to injection into orbit. One
successful demonstration of each abort condition is considered to meet demon-

stration requirements.

B-52 air-launch program approach: Air launched subsonic glide tests
with the appropriate sized entry vehicle configuration are indicated in the
study statement of work as one of the elements of the test plan. Because of
extensive amount of flying qualities, aerodynamic performance and flight con-
trols data available from transonic and low supersonic flight tests, and because
of the relatively low cost of air-launch flights, both free glide and powered air-
launch flights are to be planned. The air-launch vehicle will be full size with
complete control system capabilities and essentially in transonic-subsonic
configuration. Furthermore, because of the value of using this vehicle for
pilot visibility, flare-out, touchdown and slide-out evaluation, the pilot sta-
tion, visibility and landing gear arrangements will match those of the entry
vehicle. Also the current M2-F2 and HL-10 air-launch vehicles will have

completed testing by the time the aforementioned air-launched vehicle starts
flight tests.
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2. Sequential Operational Plans

Purpose and application.- Sequential operational plans (functional flow dia-

grams) were constructed as an aid to system design, interface definition, pro-
gram planning, GSE requirements definition, and crew task analysis.

Top level functional flow - Top level flow is shown in figure 35. Functions
begin with the entry and launch vehicles and their GSE developed and produced.
The top level diagram uses numerically coded functions with (1.0) describing
the final mission function (land and recover entry vehicle). Preceding func-
tions are assigned larger code numbers.

First level functional flow. - Each top level function is expanded into first
level functions, coded by an ascending decimal system. Figures 36 through
47 show expansions of 13 top level functions. Landing and recovery of the
entry vehicle, shown in figure 36, starts just prior to touchdown when photo
tracking of vehicle attitude, direction and velocity is initiated. After touch-

down and slideout, pilot egress and on-runway securing are accomplished and
are followed by in-hangar postflight servicing, data removal and return to the
factory. Entry flight, shown in figure 37, starts after deorbit retrograde
thrusting and proceeds with pre-entry preparations to hypersonic maneuvering
where various hypersonic experiments are conducted. This flight phase is
continued through transonic flight, approach to FRC, Edwards AFB, and final
touchdown at FRC. Figure 38 outlines functions during the deorbit phase,
starting with receipt of updated deorbit data from MCC and ending with entry
into the sensible atmosphere (400 000 ft, 122 kra). The major functions per-
formed in orbit are shown in figure 39. Figure 40 includes separating the
launch vehicle from the entry vehicle and retro of the launch vehicle away
from the entry vehicle. Functions from liftoff to insertion are shown for both
the launch vehicle and the entry vehicle in figure 41. Figures 42 and 43 show
preparation and test functions performed at the launch site on the launch ve-
hicle and entry vehicle in mated and demated configurations. Activation of
world tracking and communication system modifications for the HL-10 research

program, including software and readiness exercises, is diagrammed in fig-
ure 44. Landing site readiness exercises, however, are singled out and
shown as first level flow in figure 45. Refurbishment and recycling the entry
vehicle is shown in figure 46 as the process starting with receipt of the entry
vehicle at FRC and ending with delivery of the entry vehicle to the launch site.
Activation of both GSE and HL-10 peculiar facilities or modifications is sum-
marized in figure 47. The air-launch test program at FRC is shown in fig-
ure 48.

Second level functional flow. - In general, second level functional flow was
not required to define program planning and GSE requirements. However,
selected flow charts were useful in defining crew tasks and functional inter-
faces. Examples of two second level functional flow diagrams are shown in
figure 49, terminal guidance flight functions, and figure 50, automatic retro-
fire sequence.
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3. Planning Input Sources

Aside from obvious efficiency and flexibility, mathematical model costing

techniques were selected for this study because results yielded showed gen-
erally good correlation with real-world program cost performance. The re-
sults from such mathematical models, however, are only as accurate as the
input data. Other than entry vehicle subsystem weight and complexity, the

major inputs have to do with numbers of test and flight vehicles, schedule span
time and number of refurbishments. Consequently, cost mathematical model

inputs had to be based as much as possible on current or recent program per-
formance. The following sources were used to develop program plans for the
HL-10 research vehicle.

PRIME program data. - The USAF program PRIME (Precision Recovery
Including Maneuvering Entry) is a four-flight lifting vehicle program using
the SV-5D configuration. A relatively small unmanned vehicle is evaluated

during entry from simulated orbital conditions. The Martin Marietta Corpo-
ration is prime contractor for the entry vehicle and general systems integra-
tion. The Atlas (SLV-3) launch vehicle is used. First hand program schedule

cost and technical performance has been available for extrapolation to HL-10
research program planning data.

Gemini program. - Both planned and actual program performance of both

the spacecraft and the launch vehicle were used extensively in estimating
program schedules, facilities, and test articles. Spacecraft development

phasing, mission operations and launch site operations were particularly
applied to the HL-10 Entry Research program. Level of effort in reliability

and safety on Gemini was used as a model for planning in this study.

Titan Ill launch vehicle.- Launch preparations and payload integration data

relative to Titan Ill were obtained from Martin Marietta Corporation and USAF
documents (ref. 2). Current facility status and scope of facility modification

were obtained from examination of drawings and internal documents and by
on-site briefings and inspections. Man-rating improvements of the vehicle

and launch complex were obtained from Titan III-M (Manned Orbital Laboratory)
s pec ific ations.

X-I 5 flight research program. - The program plannin_ data for both the air-

launch flights and actual entry vehicle landing from orbit have been extrapolated
from X-I 5 operations data as a point of departure. Also, some inputs for
refurbishment, maintenance and turnaround were obtained from X-I 5 failure

data over the first I00 flights.

M2- F2 and HL- i0 air-launch flight program. - Planning and schedule data,
B-52 attachment adaptation, and ground operating equipment information were

used to supplement the X-15 data in the formulation of FRC operations plans
for the HL-10 D/3 vehicle.

Apollo and Saturn planning reports. - Since many Apollo facilities at KSC

will be utilized for the HL-10 program, recently published planning documents

and study reports relative to the present Apollo and follow-on Apollo programs
were used (ref. 3).
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B. DEVELOPMENT PLAN DEFINITION FOR VARIOUS VEHICLE

SIZES AND FLIGHT PROGRAMS

Program plans developed in this study encompass the last two phases of

a typical three-phase program: (A) Conceptual Design-Feasibility and Pre-
liminary Definition, (B) Final Definition Phase and, (C) Vehicle Development

and Flight Operations.

I. Final Definition Phase

A six-month Final Definition Phase (B) has been established as part of the

costing input. This phase includes the following tasks:

System Engineering:

Functional flow analysis--top to third level

Tradeoff studies--first to fourth level

Final environmental and design criteria

Subsystem specifications

Select baseline design

Preliminary interface specifications

Schematic block diagrams of subsystems and system

Performance and trajectory analyses

Wind tunnel tests.

Specifications :

Specification tree

Program specification

System specification

Qualification and acceptance specification

Applicable doe umentation.

Program Planning:

Program management plan including PERT and configuration con-
trol
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Development plan--design, test, systems integration

Production plan--tooling, fabrication, assembly

Procurement plan

Quality assurance plan--quality, reliability, safety

Facilities plan--requirements, utilization

Logistic s plan-- spares, transportation, public ations

Operations plan--flight operations, launch support, recovery

Integrated test plan--all program test activity.

2. Baseline Development Plan and Flight Operations

Phase (C), Vehicle Development and Flight Operations, has been defined
as a baseline plan with variations for different vehicle sizes and flight plans.
Early in the study it was determined that the Titan III with two-segment SRM
and without transtage could adequately launch all the candidate sizes. As a
result entry vehicle size had very little effect on the development and flight
operations. The number of entry research flights was the major variable in
altering the baseline plan.

As stated in section III-2, the entire Vehicle Development and Flight Opera-
tions program is normally paced with technical performance and cost the
primary incentive goals. Schedule performance is considered critical only
insofar as cost is affected.

The schedule plan for phase (C) was developed expressly to produce ac-
curate inputs for the cost mathematical model (COCOM). Emphasis was,
therefore, placed on pacing development items since development span time
is one of the critical cost inputs. Tests at the component, subsystem and
entry vehicle level are also emphasized because they provide critical planning
milestones that control next steps. Development phase flow of the major pro-
gram pacing items is shown in figure 51.

3. Integrated Test Plan

Because of the significant cost associated with test articles, the associa-
tion of GSE with testing and the large number of tests which pace the program
schedule, an integrated test plan was prepared as the major framework for
the development and flight operations plan. This test plan, as illustrated in
flow diagram form in figure 52, covers testing of small parts up to the com-
pleted entry vehicle. The plan also ranges from the earliest tests (wind tun-
nel program} to operations (entry research} flights.
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The general test approach is evaluation of functional performance of the -

entry vehicle and its components under environmental simulation, where

feasible as early in the program as possible. Wherever practical, tests
whose outputs feed another test will be programmed in series with that test.

In the interest of shorter overall schedule spans and attendant lower costs,

some risk is assumed in overlapping these kinds of tests. For example, it

would be ideal to wait until all components are qualification tested before

starting the systems verification test on a complete entry vehicle; however,

two months additional time is consumed. By overlapping these programs by

two months, about 90 percent of the qualification tests are complete before

starting the system test. The probability of changes in component design due

to qualification test failure at the time systems verification tests start is

acceptably low.

Reliability testing by large statistical sample sizes will be confined to a

few critical components and piece parts. Emphasis is on life and environ-
mental level and demonstration of specified margins.

Because of the reliability goals and the crew safety requirements imposed
on the mission, the test program will be characterized by comprehensive doc-
umentation and other controls such as those on GSE and procedure changes.

Various tests within the integrated test plan are briefly described below:

Subsystem development tests. - This category of tests includes material
evaluation and screening tests, plasma arc tests of heat shield material

samples, hot gas blast tests of heat shield joints and other elements, struc-
tural elements where basic design data is required, and evaluation of new

fabrication processes. Subsystems such as guidance and navigation and com-
munications will require circuit breadboard tests, performance tests of func-

tional models (not the final packaged configuration), and antenna pattern tests
using full-scale models. The several subloops of the EC/LS subsystem will

be breadboarded and tested for basic performance characteristics. The re-

action control subsystem will also be breadboarded for performance of pneu-
matic tests. Impact tests of the main struts and nose wheel strut and friction-

wear tests will be carried out during landing gear development. Extensive
breadboard circuit tests of the malfunction detection system will be conducted

to assure solution of any interface or switching logic problem early in the

entry vehicle development phase. The emergency recovery chute will initially
be tested using bomb drops to obtain early data on basic performance, opening
loads, reefing and deployment. Basic thrust and impulse performance and
initial reliability tests of the abort and deorbit motors are also included under

subsystem development tests. An entry vehicle cabin mockup will be utilized
for task evaluation display and control effectiveness measurements and ingress/

egress tests. This mockup will be integrated with computers so that real time
mission functions can be evaluated. In general, all the above development tests

are planned to be conducted in the first six to eight months of the Vehicle De-
velopment and Flight Operations Phase (C).

Wind tunnel tests. - The wind tunnel test program for the HL-10 Entry Re-
search Vehicle actually extends from the Final Definition Phase (B) into the

Vehicle Development and Flight Operations Phase (C). A total of 18 major
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tests have already been conducted at Langley Research Center on various con-

figurations with and without canopies and at Ames Research Center using the
full-scale HL- 10 air-launch vehicle.

A series of tests on models of the final configuration are planned to be

initiated early in the Final Definition Phase and will obtain data on ground ef-

fects, gear-down effects, canopy cover off characteristics, aerodynamic
forces and moments in abort configuration, effects of heat shield recession,
and detailed control effectivity evaluations. Tests continuing into Phase C

include pressure and heat distribution, force and hinge moments for the entry
vehicle plus adapter, launch vehicle airloads and transonic buffet forces,
damping derivative and drop vehicle separation tests.

The wind tunnel test program is summarized in figure 53 which lists speed
range, model description, test purpose and facility recommended. Also listed

are pertinent tests already completed at Langley Research Center on the
various HL-I 0 configurations.

Subsystem test stands.- The major subsystems of the entry vehicle will
be functionally simulated using early engineering models of the components.
These tests emphasize functionally identical components and permit the use

of unqualified units in order to secure functional characteristics data early
in subsystem development. A test stand with guidance and navigation, auto-
pilot, actuators and simulated surfaces will be assembled and functional tests

conducted. The complete entry vehicle electrical system with dummy loads

will be simulated in a test stand to evaluate regulation, power transfer and
transient effects. Overall functional performance characteristics of the com-

munications and instrumentation subsystems will be determined using a bread-
board-type test stand in which antennas are to be simulated. The environ-

mental control and life support system will be evaluated in a special simulated
cabin including crew stations and the prototype EC/LS equipment. This func-

tional mockup is planned for both ambient pressure testing and vacuum cham-
ber installation. The reaction control subsystem will be simulated with actual

prototype propellant tanks, pressurization, regulation and thrust units cold

and hot flow testing at a remote test site. A crew station mockup with operating
displays together with the guidance and control subsystem and real-time com-
puter will permit the crew to evaluate simulated missions. This test stand is
to operate under normal room conditions.

Combined systems functional test stand. - The above described test stands,

assembled on portable frames, are then to be interconnected electrically to
provide a systems functional test stand. This arrangement is planned to pro-
vide early investigation and evaluation of subsystem interactions, interfaces,

malfunction detection and combined performance tolerances. Preliminary
evaluation of electromagnetic interference will be done on this test stand with
emphasis on conducted interference and transients. Crew members will take

part in the final phases of this test program.

Environmental control system altitude tests. - The EC/LS test stand, de-
scribed previously, will be modified for insertion into an altitude chamber

{1] 10 psia, 5.16 mm Hg) following the functional tests at ambient pressure.
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The altitude chamber is to be fully man-rated for mission simulation tests
with crew. This setup will be maintained in the altitude chamber throughout
the development and early phases of the flight program to support EC/LS de-
sign evaluation requirements.

Landing assist captive propulsion tests. - A test stand will be provided to
evaluate flow, pressurization, thrust, and thrust control of the landing assist

engine and propellant supply system (H202). This test stand will be located

at the same remote test facility as the RCS test stand.

Static canopy shield and seat ejection tests. - This test is conducted with
simulated upper body section, canopy and seat installations fixed to the ground.
Seats with dummy personnel will be ejected and the canopy jettisoned. Func-
tional sequencing, motions, accelerations and trajectories will be measured.
These tests are prerequisite to dynamic sled tests described below. Seat
ejection tests apply to A and B size entry vehicles only.

Dynamic slideout tests. - The Norair HL-10 air-launch vehicle will be modi-
fied with the skid-wheel configuration and nose gear to evaluate slideout
characteristics, main and nose gear impact loads and drag chute deployment.
Six landings (from subsonic glide flights) are planned.

Parachute recovery system demonstrations. - Two boiler plate entry ve-
hicles simulating aerodynamic shape, weight and moment of inertia will be
constructed with necessary interfaces to accept the emergency parachute
system. Three successful drop tests are required to fully qualify the sys-
tem. The full-scale test vehicles will be adapted to the B-52 carrier aircraft
pylon which will be installed for the manned air-launch program (figs. 59, 60
and 61). Tests will be conducted over water. The boiler plate test vehicle
will be designed with flotation gear and aids to facilitate recovery.

Dynamic seat ejection and canopy shield jettison tests. - The entry vehicle
crown structure, canopy and seat installations will be mounted on a rocket
driven sled to evaluate hatch removal, seat ejection and canopy jettisoning
under dynamic pressure environment. Qualified ejection seats with dummy
personnel will be utilized. A prototype canopy and shield will be used to
demonstrate proper trajectories and fin clearance. Seat ejection tests apply
only to the A and B size entry vehicles.

Component qualification tests. - All entry vehicle components not qualified
by previous usage in equal or greater environments will be given a series of
qualification tests in which margins in environmental and operating life are
demonstrated.

Two or three identical production units will be used to enable adequate
schedule pacing. The entry vehicle contractor is to provide extensive moni-
toring of subcontractor' s tests. Critical components such as flight controls,
inertial reference unit, EC/LS components, voice communication, emergency
recovery and others that affect flight safety will be subjected to reliability
tests in which 4 to 6 test articles will be tested to failure. Rigid management
controls will be applied to the qualification test program with buyer approval
of specifications, procedures and reports.
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Structural tests. - Static loads and heat will be applied to a complete entry

vehicle structure without heat shield. Entry aerodynamic loads, landing loads
and structural heating inputs will be applied. Control surfaces, hatches, in-

ternal structure and fittings will be tested in separate fixtures. A second

entry vehicle structure with simulated heat shield and simulated equipment
components will first be mounted on an adapter structure and be subjected to
launch loads. The test article will then be used for resonance testing in which
vibration modes, structural damping and control system transfer functions
will be measured.

Drop tests. - The static test article previously used for heat and entry load
tests will be outfitted with a prototype landing gear and simulated mass for

landing impact testing. Free drop tests (zero forward velocity) will simulate

touchdown sinking speed and drag loads by means of inclined impact platforms.
Final utilization of this test vehicle is planned for water impact tests to eval-
uate structural integrity and acceleration inputs to the crew members.

Systems verification test. - Final evaluation of subsystem design and inter-

action effects is accomplished with a complete entry vehicle with flight-ready
subsystems. Only exceptions are a simulated heat shield, simulated pyro-
technics and propellants. Initially, this test vehicle will be mated with the

checkout equipment for continuity checks and, later, power-on checks. Then,

each subsystem will undergo detail checking in which the GSE, the entry ve-
hicle and test procedures are evaluated for compatibility. Finally, all sub-
systems are run together in simulated flight tests. Crew members will be

inserted in the spacecraft during these tests. The system verification test

vehicle will be maintained in proper configuration status throughout the pro-
gram for checkout of subsystem or component changes prior to incorporation
in flight vehicles and for critical system troubleshooting.

Thermal-vacuum mission simulation tests. - Because of limitations in the

operation of the EC/LS in ambient environment and to gain better knowledge
on heat balance of the entry vehicle during orbit, tests will be conducted on
the system verification vehicle in thermal-vacuum chamber. Solar heat and

heat shield heat transfer will be simulated by conducting heat blankets. The

system tests and flight simulations will be conducted unmanned by remote
control with the GSE. The vacuum chamber is planned to operate between

I0-5 and I0-6 tort.

Component flight acceptance tests.- Each functional component (i. e.,

black box) to be assembled into every flight vehicle will be subjected to com-
ponent flight acceptance tests. The component will be made to function in all

flight and test modes under critical environments (vibration, temperature,
vacuum) and to perform within specified limits under specified range of inputs.

Entry vehicle acceptance tests. - Each entry vehicle will be subjected to
subsystem functional tests in room environment subsequent to installation in

a higher altitude chamber. A complete systems check will be conducted prior
to chamber pump down. After chamber pump down, a brief simulated flight
test will be conducted by remote control from GSE to be followed by a cabin

leak check. Successful performance of all systems in mission sequence con-
stitutes final acceptance.
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Automatic landing system evaluation tests. - The Norair HL-10 air-launch

vehicle will be equipped with prototype receiver, decoder and antenna equip-
ment of the system to be installed on unmanned entry vehicles. The pilot
will monitor and override the automatic system if necessary. Final evalua-

tion of this system will be carried out on the HL-10, D/3 air-launch vehicle

program.

Water recovery and evacuation tests. - A boiler plate-type test vehicle

with prototype hatches, crew support and recovery aids will be constructed

to match actual flotation characteristics in order to demonstrate emergency

egress, flotation and recovery aids. This test article will be used periodically

for training purposes.

Pad abort test. - A prototype entry vehicle structure, adapter and launch
vehicle adapter will be installed at the Apollo White Sands Test Range to

demonstrate abort sequence, separation, thrusting and flight stability during

off-pad abort. The entry vehicle will have a simulated heat shield, subsys-
tems and crew All electrical and mechanical systems involved in abort on

both sides of the separation plane will be actual flight hardware. Attitude

reference and control, actuators and control surfaces will be prototype units.
Acceleration, attitude, induced environment _md sequencing signals will be
measured. Ground units will optically track the entry vehicle. Emergency
parachute recovery will be used to recover the vehicle. One successful dem-
onstration is required.

Maximum dynamic pressure abort test. - An entry test vehicle similar to

the pad abort vehicle described above will be adapted to the Little Joe II launch

vehicle to demonstrate abort sequencing, separation, thrusting and flight sta-
bility of the entry vehicle during maximum dynamic pressure conditions. The
test is planned to be conducted at the Apollo White Sands test site. Two Little

Joe II vehicles (in surplus inventory at the time of this report) would be con-

signed to this test although only one successful flight is required. Rework of
the entry vehicle adapter and increased fin surface are required. Little Joe II

rocket motor cutoff pressure switch initiates the separation and thrusting se-
quence. Ground radar tracking and telemetry receiving are required to sup-
port the test. The emergency parachute recovery system will be used to
recover the vehicle. As in the pad abort test, one successful demonstration
is required. A concept of the HL-10, D/3 abort test vehicle mounted on the

Little Joe II launch vehicle is shown in figure 54.

4. Procurement Plan

The procurement plan for this study is based on the assumption that the
entry vehicle structure, heat shield, control surfaces and actuators, internal

furnishings and approximately 1 5 percent of the entry vehicle subsystems will

be designed and fabricated by the entry vehicle contractor. The adapter and
60 percent of the GSE is also assumed to be built by this contractor.

A team of engineers, contract and procurement specialists will process
the detail subsystem performance and qualification specifications into the

proper purchase orders and subcontracts. Approximately 90 percent of the
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subcontracts are assumed to be negotiated as fixed cost. Comprehensive

controls associated with man-rated systems are planned to be applied to each

major subcontractor: configuration and performance specification change
control, test procedure and report approval, buyer acceptance by on-site
quality assurance representative, serialization of delivered items and piece-

part manufacture and lot identification by suppliers of critical components or
assemblies.

Because of the "top down" historical aspects of the cost mathematical

models used in these studies, specific inputs related to procurement admin-
istration and individual procurement costs are not required as inputs. How-

ever, the numbers of subsystems and major components required for tests,
spares and delivered entry vehicles are direct or indirect inputs into the cost

analyses. A detailed breakdown of the major components utilized throughout
the entry research program is shown in table i0.

5. Manufacturing and Quality Assurance Plan

As stated in section C above, costing methods used in this study do not re-
quire detailed manpower and material descriptions. Fabrication, tooling,

assembly and quality control requirements for entry vehicles, including
Gemini, PRIME and Apollo, are factored into cost models of this study. As

a result, HL-10 entry vehicle costs for fabrication and quality control reflect
corresponding costs of Gemini (influence of man-rated systems and their
fabrication} and PRIME (influence of heat fabrication processes) as adjusted

for weight and system complexity. Advanced fabrication and processing facil-

ities, normally associated with the manufacture of highly reliable and complex
assemblies in limited production, are assumed to be available for the HL-10
at no cost to the contract.

6. Logistic Support Plans

This plan outlines the support activities which were identified in the course

of the study for the research entry vehicle program. The basic activities in-
clude:

Methods of transportation

Material and spare parts (including refurbishment)

Procedural data for operation and maintenance

Contractor supporting services.

Functional plans. - These activities will be developed into functional plans

during the development period of the program, and will be implemented during
subsequent phases. The development of the functional plans will require that
detailed support analysis be conducted concurrent with system definition and

design. The detailed support analysis will provide a basis for selection for

each of the plans and will assure that the support plans are mutually comple-
mentary.
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The paragraphs which follow describe the policies established for each of
these activities which are to be implemented during the design development

phase.

Transportation plans. - Transportation plans are required to control hard-
ware movements to meet test, operation, and refurbishment schedules; to

assure availability of the transport medium; and to prescribe packaging and

handling techniques. The detailed transportation plan, defining organizational
responsibilities, methods, and schedules will be prepared during the design/

development phase.

Transportation requirements include all transfers of major components
between the contractor and the using sites. Figure 55 illustrates major entry

vehicle transfers from launch through recovery.

Local movements (within the boundaries of contractor, launch site, or

recovery site) are not considered here; nor are routine shipments of materials

or parts included. Transportation of the test and operational launch vehicles
(Little Joe II and Titan III) and other GFE are not considered within the scope

of this plan. The following movements constitute the primary areas of con-
cern:

Hardware From To Method Remarks

GSE (various) and special
tools

Contractor FRC, Truck, air Prior to first
KSC and rail flights

Entry vehicle boiler plates
(2) and launch vehicle

adapters

Contractor White Air, truck B377-VPG
Sands aircraft is

suitable

Entry vehicle test vehicles
(2) and air-launch adapters

Orbital entry vehicle (20)
and launch vehicle

adapters

Contractor FRC Air, truck B377-VPG
aircraft is

is suitable

Contractor KSC Air, truck B377-VPG
aircraft is
suitable

Training simulators Contractor FRC Truck, air
and rail

High speed transportation of the entry vehicle is desirable to minimize
time-in-transport and exposure to contamination or damage. Air shipment

is to be preferred since a minimum of disassembly, preservation, and pack-
aging of the entry vehicle is required.

Material support plan. - A material support plan will be prepared during

the design development phase to provide for the selection, procurement,
stoekage, control, and issue of parts for the GSE, training simulators, test
vehicles, and orbital entry vehicles. The material support function includes

planning of scope and schedules, selection and acquisition of support resources,
and application and control of support material.

58

:::

OOO

OO•

:-:': . . ....... • : ..
O•o • • • ••

I

I
I
I
I

I
I

I
I

I
I

I
I

I
I
I
I

I



:--. • • • • .... °•.. • °. • •. . • :-••-..
• • : • • OO • 00 • •:.''.. -o.- ... • .. •. .• :- ;- ... :."

I
I

I
I

I

l
I

The contractor will establish the spares philosophy on the basis of the

test, maintenance, and repair policies. A method of quantitative prediction
will be developed. Consideration should be given to simulation evaluation

techniques for quantitative determinations. Special planning emphasis will
be placed on the identification, stocking, and control of parts which are most

essential to the assembly, checkout, and launch operations.

Control plan. - A control plan will define the methods of managing the stosk
balances to assure a continually up-to-date inventory from a standpoint of
quantities on-hand, quantities on-order, configuration status, shelf-life data,
etc. Control will not be limited to historical performance but will consider
quantitative usage prediction techniques. Mechanized data processing control
methods shall be investigated.

Inventory control. - Inventory management will be developed for the issue
of parts as well as for the receipt of and repair or disposition of inoperative
parts. This system will include the efficient movement of hardware to the

appropriate repair facility, monitoring of repair progress, and expeditious
return of repaired parts to inventory.

TABLE 11

I
I
I

l

I
I

I
I
I
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TECHNICAL DATA SUPPORT

Ope ration

°r_ ,,=4

"_ _ 0 0 ,._

•,-_ .,.4 _

.,_ .,_ _ 0 bg

,r.4

_o _ _ _ _ o :n!c _

o

,.o

t_

o_.-_

o

Unmanned tests X X X X X

Air-launch tests (_ (_ _ X X X

Orbital vehicles _ _ _ X _ _ X X X

X X X XContractor training
simulator s

X X X XGSE

= data prepared for each vehicle flight.

X = data prepared for groups of vehicles or equipment.
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Technical data. - Technical data for support of test and operational activi-

ties will be developed during the design/development phase in order to be

available with the hardware. The types of data required are summarized in
table 1 i, and are subsequently described.

Systems test and troubleshooting data: The systems checkout data for the

manned and unmanned vehicles will be prepared for use in the final assembly,
all systems test, and refurbishment areas at the factory as well as for use at

the launch site for receiving, preparation, and prelaunch tests. Testing
schedules and sequence charts will be developed from design reliability and
maintenance criteria. Troubleshooting procedures will be prepared to localize

to the level of replacement and/or repair as determined from supportability/

maintainability analysis.

Maintenance and repair data: Maintenance and repair data will be required

to restore a faulty system, assembly, or component to operating condition
using the spare parts, tools, and equipment allocations. This data is de-
veloped in conjunction with system test and troubleshooting data (for airborne
systems) and operation data (for GSE and simulators).

Parts identification: Parts identification data is a tabulation of components
for each configuration of vehicle, simulator, and GSE. This tabulation is also

a summary of spares determinations, configuration status data, maintenance
significant components, and similar identifications. Parts identification data

will be prepared for all vehicles and GSE.

Operating data: Instructions for operating training simulators and GSE

will be required. Malfunction detection and troubleshooting procedures will
be included.

Familiarization data: This data will be prepared to describe the missions

and objectives of the overall program in addition to the flight vehicle, GSE,

facilities--etc. Also included will be program interfaces with launch and re-

covery facilities, mission control, tracking and communications network, and

recovery procedures. An index of pertinent manuals, handbooks, reports,

drawings, lists, etc., will be included

Countdown/launch data: Procedures for conducting the final vehicle tests,

combined launch vehicle tests, and launching process will be required for ve-

hicles launched from Cape Kennedy.

Flight/performance data: Operational data will be developed for unmanned
and manned orbital flights.

Ground handling and transportation data: These data will be prepared to

define the recovery handling operations, local handling and movement methods,

packaging and processing, and transportation procedures for truck and air
movements.

Inspection and refurbishment data: The inspection and refurbishment pro-

cedures will be prepared for use at the refurbishment site.
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Data medium. - The manner of data eolleetion and presentation will be de-

fined in detail during the program design phase. A mechanized collection sys-

tem capable of selective retrieval of data should be investigated as a means

to provide data tailored to each vehicle flight. Types of data which should be

seleetively prepared for each flight inelude systems test, maintenance, parts

identification, and countdown and launch data. Other data which are less mis-

sion critical and which do not change significantly from flight to flight will be

prepared to cover groups of vehicles and equipment.

Style and format. - Data will be packaged into technical manuals in the

manner which permits maximum utility and ease of handling. Most important

considerations are technical accuracy and completeness, and legibility and

availability of data.

Contractor support services.- The contractor will establish the necessary

organization at the contractor' s site, launch site and landing site to accomplish

test, training of contractor personnel, and orbital launch activities. Manage-

ment controls, administrative proeedures, and lines of communication will be

established. Technical training and certification programs will be implemented

to assure the technical competency and proficiency of the contractor personnel

responsible for supporting the research vehicle from factory through launch
and refurbishment.

The contractor will plan for support of boiler plate tests, air-drop vehicle
tests at FRC, launch operations at Cape Kennedy, recovery operations at the
landing site and refurbishment activity for orbital entry vehicles.

7. Refurbishment and Turnaround Cycle Plan

I
I

I
I

Cost of refurbishment is considered to be an important element of this
study, not so much for the net savings gained by reuse, but because of the

uniqueness of this process in space flight. At the time of this writing, only
a few spacecraft, in isolated instances, have been reused (i.e., MOL-Gemini
and Mercury}. Even in these unmanned cases, there was no deliberate pro-

gram of reuse in terms of planned multiple refurbishment cycles. Conse-
quently, there is little or no usable data for historical cost modeling. Refur-

bishment planning and costing, therefore, must be accomplished from the
bottom up, e.g., plans, facilities, manpower, schedules, processes, etc.

Three assumptions are made in planning the reuse cycle:

(I) The maximum number of recycles per entry vehicle will not exceed
four.

(2)

(3)

The entry vehicle shall be designed with the capability of turnaround
in three months.

The purpose of entry vehicle reuse is to reduce program cost and
to obtain technical data on the refurbishment processing and per-
formance on recycled vehicles.
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The following ground rules were followed during the course of the entry

vehicle design and are reflected in the refurbishment processes and plans 6f
this study:

(i) The entry vehicle structure is designed to retain strength integrity
and dimensional stability through at least five reuse cycles after
the first flight.

(2) Functioral equipment components are designed to have the life of

six flights plus a 50-percent life margin for manufacturing tolerance
buildup and fatigue cycle variance.

(3) Supplementary test points are provided in the entry vehicle system
circuitry to allow fault isolation in the detail equivalent to typical
bench checks. (This permits evaluation of units in place and avoids
breaking of electrical and fluid interfaces. }

(4) Components are located so that removal of other units are not re-

quired to gain access to that component.

(5) Items replaced during planned maintenance, such as fuses, filter
cartridges and other one shot items, are to be accessible from

the inside of the entry vehicle.

(6) The landing gear is designed to limit the loads on the entry vehicle

and equipment so that strength integrity and dimensional stability

is retained after each landing.

(7) Pyrotechnic and gas generator cartridges are installed such that

no damage or deterioration occurs to the adjacent structure or
equipment.

(8) Ablative panel installation during refurbishment is identical to the
new vehicle process after removal of old panels and structural
inspection.

The refurbishment plan described in the sections to follow is based on the

approach selected from the brief tradeoff analysis below:

Refurbishment trade analysis. - Three refurbishment concepts have been

investigated: (i) refurbishment and integration of the entry vehicle at the
factory site, (2) factory refurbishment with integration at KSC, and (3) inte-

gration and refurbishment of the entry vehicle at KSC. For the purposes of
this discussion, refurbishment is defined as inspection, evaluation and re-
placement functions. Integration is defined as GSE, adapter mating and com-
patibility checking, and general subsystem checkout with the GSE.

GSE cost, refurbishment time, and facility requirements in terms of floor
area have been estimated for the three refurbishment concepts shown above

and summarized in the tradeoff summary chart (table 12). Concept A, factory

integration and refurbishment, is selected because of its lowest GSE cost,
lowest schedule time and minimum floor area requirements.
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TABLE 12

EFFECT OF INTEGRATION AND REFURBISHMENT CONCEPTS ON GSE

COST AND FACILITIES REQUIREMENTS

I

I

I
I

I
I

I
I

GSE cost (millions
of dollars )

Flow time--factory
test through launch
(days) 2 shifts

Facilities floor area

requirements (ft 2)

Advantages

Dis advantages

Concept A*
factory integrate

factory
refurbish

100.2

72

73 600

Lowest cost mini-

mum handling.
Minimum Cape fa-
cilities. Greatest

e ffic ie nc y

Restricted rocket

propulsion instal-
lation

Concept B
Cape integrate

factory
refurbish

108.0

Concept C
Cape integrate
Cape refurbish

118.2

8O

81 500

Simple rocket

propuls ion
installation

Maximum

handling

91

101 000

Simple rocket
propulsion
installation

Higher cost

Additional white room facilities
needed.

* Recommended concept.I
I

I
I

I
I

I

Refurbishment and turnaround cycle. - The total turnaround cycle is planned
for two phases: factory operations and launch operations. Operations of the
recovery site are limited to ordnance safing, gas depressurization as required
for transport, data tape removal and a one-day postflight inspection. Upon
return to the factory, four major functions take place: (1) evaluation including
inspection and subsystem functional checks, (2) refurbishment of the entry ve-
hicle, (3) reconfiguration of the entry vehicle for the assigned research tasks
of the next flight, and (4) system testing. Launch site operations consist of
two phases: (1) industrial area activities and (2) pad operations. Launch site
functions are expected to be identical to those for a new entry vehicle. Sched-
ule span times would be expected to follow learning curve reductions for both
new and refurbished vehicles in the same way.

Factory evaluation: After complete visual inspection and photo documen-
tation in the factory receiving area, the entry vehicle will move to a heat
shield removal position where all panels are unbolted and samples sent to the
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laboratory for analysis. The undershield structure will be inspected for

cracks, hot spots, corrosion, etc. Access panels, floor panels and seats

will then be removed for inspection of equipment and structure. Avionics sub-

systems will be given functional checks with power-on to determine drift,

degradation and out-of-tolerance conditions resulting from entry flight.

Factory refurbishment: The RCS, landing assist and EC/LS components
will be drained, purged, pressure checked and serviced with replaceables
such as filters, squib valves, etc., and then given functional checks. The

hydraulic system will be drained, flushed and purged and checked for contam-
ination. After replacement of filter elements and fluid, pressure and operating
checks will be made. It is recommended that the main surface hinge bearings

be replaced after each flight. If laboratory checks show no degradation or
dimensional change after flight, this step may be discontinued in later flights.

Emergency recovery parachutes will be removed at the factory and replaced
at the launch site industrial area. Landing gear skid brushes will be removed

and replaced. After functional checkout of the telemetry and instrumentation
system in the previous flight mode, the new measurements will be "patched in. "
At this point, experiment equipment will be removed and reconfigured for the
next flight. As the subsystems are refurbished, new heat shield panels will

be prefitted, trimmed, and installed on the airframe. Aerodynamic surfaces
will be reinstalled and hydraulic checks made.

Factory system testing: System testing of the refurbished entry vehicles
will follow identical procedures of new entry vehicles. Combined systems

acceptance tests will be run after power-on checks. Next, a simulated mis-
sion test will be conducted in ambient room environment, to be followed by

another simulated mission in a high-altitude chamber. After successful com-

pletion of these tests, the entry vehicle will be transported to Cape Kennedy.

Launch site industrial area activities: The refurbished entry vehicle is to

be processed in the Manned Space Operations and Checkout (MS•C) building in
the same sequence as for new entry vehicles. Functions at this location start

with entry vehicle receiving and inspection for any damage incurred during

transport for the factory. Next, the entry vehicle is moved to the altitude
chamber facility at the MSOC building, mated to checkout GSE, and evaluated
by a simulated mission test in the chamber. Pyrotechnics and parachute

installations are made in the respective facilities at Merritt Island. Final
inspection, cleanup, weight and balance and preparations for transport to

Launch Pad 40 complete the industrial area activities.

Launch pad: Launch pad functions, as in the case of new entry vehicles,
will include GSE/entry vehicle electrical mate, entry vehicle/launch vehicle
mechanical and electrical mate, simulated flight (entry vehicle only), launch

vehicle-entry vehicle countdown, H202 and other support servicing, final

systems simulated flight, L-I day preparations and final countdown.

Refurbishment requirements for entry vehicle systems. - Each component
and subassembly defined for each entry vehicle system will be evaluated and

assigned to one of the following planned maintenance categories: functionally
tested in place, removed from the entry vehicle and bench tested, removed
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from the entry vehicle and refurbished, and removed and replaced with a new
item. Percentage of components of each subsystem in these four categories
is summarized in table 13. These planned turnaround functions will be
applied on every successive turnaround of an entry vehicle. As more is learned
about post-turnaround flight performance, turnaround without replacement of
some items may be expected. For instance, the aerodynamic surface hinge
bearings may ultimately be changed every other or every third flight, after
flight data becomes available. Random failures and failures due to unexpected
wearout modes will require additional replacements beyond the planned main-
tenance. These replacements should be relatively low based on the reliability
assessments quoted in section VIII. Spares inventories will be increased about
15 percent over programs without entry vehicle reuse to support unplanned
replacements.

TABLE 13

REFURBISHMENT REQUIREMENTS FOR HL-10 ENTRY VEHICLES

I
I

I
I
I

I
I

I

Percent of subsystem recycled

Entry vehicle subsystem
or assembly

Functional
test in

place

Re move
from

e ntry
vehicle

and bench
test

Remove and
refurbish

item

Structure
Heat shield
Control surfaces

Landing gear
Electronic flight control
Guidance and navigation
Hydraulics
EC/LS

Reaction control

Electrical power and
control

Co mmunic ations
Instrumentation and

displays

Crew support

Emergency recovery
Visibility

97
0

60
85

100
100

95
95
98
85

78
95

75

i0
100

Bench tested
if out of
,tolerance or
malfunction-

ing

0
0

0
0
0
0
0
0
0

3
0
9

Remove and

replace
item

3**#

I00
40**
15

0
0
5
2
2
6

20*
5

20
90

0

I
I
I

* Antennas

** Bearings
*** Landing gear doors
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Refurbishment and turnaround schedules. - Detailed time phasing of the

refurbishment and turnaround activities are shown in figure 56 for the factory
refurbishment and test and in figure 57 for the launch site preparations of the

entry vehicle. Refurbishment and turnaround span times are summarized in
table 14.

TABLE 14

TURNAROUND CYCLE SUMMARY

Calendar days Work days Man-hours

Refurbishment 50 36 8 200

System test 32 26 20 000

Industrial area 12 8_ 155 000

Launch pad 3 5 24

Total 129 94 183 200

Manpower estimates for the entry vehicle turnaround are based on Gemini

and USAF PRIME programs for factory system test and launch site activities
as normal spacecraft operational functions. Manpower for heat shield refur-
bishment is based on processes required to remove the spent heat shield, fit,

trim, and fasten the new one onto the airframe, fill gaps and inspection of
each step. Other subsystem refurbishment manpower is based on X-15 experi-

ence and the data from table 13. The 129-day recycle time represents the

span time for the first few turnaround cycles. This time can be expected to
be reduced to 90 days in an operational turnaround cycle.

Entry vehicle turnaround plan. - The recycle span times determined by de-
tailed schedule plans were used to prepare recycle plans for a range of entry

research flight plans. A master recycle plan, shown in figure 58, may be
applied to programs of from 4 to 21 flights by reading the sequence of flights
from left to right. The first entry vehicle orbited and recovered is scheduled

for a suborbital abort demonstration. This unmanned flight is terminated by

sea recovery and, because of the severe flight environmental and the salt water
soaking, the entry vehicle is not reused. The second unmanned flight is ter-
minated by land landing at FRC, Edwards AFB. This entry vehicle is refur-

bished and held as a backup vehicle. Each entry vehicle is fully inspected and
evaluated whether or not it is slated for reuse. The turnaround plan for two
unmanned and five manned flights calls for two unmanned and three manned

entry vehicles. Only one additional vehicle is required to support four addi-

tional flights. A total of six entry vehicles are required to service a 21-flight
research program without exceeding four reuses on any single entry vehicle.
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8. Air-Launch Test Program

Air-launch flight tests with full-scale HL-10 D/3 canopy vehicles are

an integral part of the overall entry research program. Transonic, subsonic

performanee and other types of data obtained from these tests are directly

applicable to 13 of the 51 research tasks. The cost of one transonic air-_aunch

flight is less than I/50 of an orbital entry flight.

Two air-launch vehicles are planned. The first vehicle will be limited to

free glide subsonic missions; the second vehicle equipped with a liquid pro-

pulsion system for transonic and low supersonic flight eapability. Two air-

launch vehicles also provide the earliest opportunity for subsonic flight testing

(simpler vehicle systems) and the advantage of two vehicles to support the

more advanced phases of the flight test program.

I
I

I
I

I
I
I

I

I

Test objectives. - The primary objective of the air-launch flight test is to

evaluate subsonic and transonic aerodynamic performance and handling quali-
ties including the landing maneuver. To be fully effective, those tests must
be completed in advance of the first orbital entry flights.

Three seeondary objectives are: (i)to evaluate subsystems performance
and reliability in transonic-to-landing environment, (2) to check out compat-

ibility and flight performance of various entry vehicle modifications during
the orbital entry program, and (3) to obtain preliminary research data prior

to orbital entry flights on experiments which are critical in transonic or

subsonic flight.

Although crew training costs are excluded from this study, plans include
utilization of the air-launch vehicles for advanced crew training and proficiency

flights. Subsonic free glide flights would be used for this purpose.

Contributions of the air-launch flights to 13 of the 51 research tasks are
listed below:

(1) Task HF-I: Pilot control and vehicle landing after prolonged zero-

g environment. Two factors are considered to have a degrading

effect on pilot performance during entry and landing of a maneuvering
entry spacecraft: (I) prolonged zero gravity and (2) extended periods

without benefit of flight proficiency activity. The second factor can
be evaluated relative to transonic flight, approach and landing by
use of the HL-10 air-launch vehicle (powered for transonic flight).

The subject pilot would reduce or eliminate the usual proficiency
flights and/or simulator practice for 30-day periods or longer and

then make an HL-10 air-launch flight. His performance would then
be compared with that during an air-launch flight immediately pre-
ceded by simulator and/or aircraft (i.e. , F-106) flights.

I

I

(2) Task HF-2: Crew biomedical and performance monitoring. Air-
launch flights enable evaluation of biomedical sensors during tran-
sonic and subsonic flight, and landingo In addition, performance of

flight tasks can be evaluated by physiological responses to preplanned
tasks.
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Task FC-4: Flight control actuation experiment. The electro-
mechanical control system would be evaluated in transonic, sub-

sonic and landing maneuvers on the drop vehicle well in advance of

the entry experiment. Air-launch tests, in turn, would be pre-
ceded by simulator evaluation and life-cycle tests of the actuator.
In effect, transonic and subsonic flight with the electromechanical
actuator would be well substantiated prior to actual entry flights,

allowing concentration on hypersonic flight.

Task PP-3: Landing assist propulsion. This task covers perform-
ance evaluation of instant L/D and go-around propulsion systems
after orbital and entry environment exposure. A major portion of

this task is really performed by means of the air-launch test ve-
hicle. The selected size, D/3, permits installation of either a

turbojet or a turborocket engine.

Task EV-2: Evaluate reuse capability and refurbishment require-

ments. This task, as applied to entry flights, is supplemented by
the air-launch program. Even though B-52 air-launches limit ex-

posure and operation to that of transonic and subsonic flight, con-
siderable data is obtained on those subsystems installed in the air-

launch craft. The practical limit to entry vehicle reuses is about
I0 while a drop vehicle may be used on the order of I00 times.

Task FM-3: Evaluate flying qualities. It is planned to obtain con-

siderable flying quality data in the trans/subsonic speeds with the air-
launch vehicle than with the entry vehicles. More pilots can evalu-
ate the qualities and be evaluated by use of these vehicles since the

cost per flight for air-launch vehicles is about I/i00 of the orbit-
to-entry flights. Further advantage is gained by comparing actual

handling qualities of the vehicle with those of the simulator, thus

providing a better simulator for more effective training and re-
search.

Task FM-4: Measure control effectiveness and damping derivatives.

The air-launch vehicle would have the same applications as stated
in item 6 for transonic and subsonic flight.

Task FM-6: Measure stability and control at various cg locations.

Center of gravity variations would be simulated in the air-launch

vehicle by ballast. Transonic and subsonic flying qualities would
be evaluated for fore and aft cg positions.

Task FM-2: Evaluate aerodynamic characteristics. A limited
amount of transonic and subsonic data could be obtained from the

air-launch vehicle tests to supplement FM-2, such as aerodynamic
characteristics with simulated ablator recessions and/or surface

distortions, and instrument performance checks.

Task GN-6: Terminal navigation and guidance techniques. The air-

launch vehicle, equipped with auxiliary propulsion, terminal guidance
avionics and automatic landing equipment would evaluate terminal
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(12)

(13)

guidance from Math 1.5 to landing and therefore supplement the
actual entry flights. Pilot training in the use of terminal guidance
techniques would also be accomplished with this vehicle as a check
on the simulator design.

Task GN-7: Air data measurements. Air-launch tests will be an
important part of Task GN-7 since the evaluation is mainly con-
cerned with after peak heating and altitudes below 130 000 feet
(39.6 km). Air-launches with the rocket powered HL-10 vehicle
will permit evaluation of air data systems from about 70 000 feet
(21.3 kin) to landing.

Task FC-I: Flight control system evaluation. Prototype flight con-
trol systems will be installed in the air-launch vehicle for prelimi-
nary evaluation in the transonic and subsonic speed ranges to estab-
lish confidence in the system prior to orbital entry flights.

Task FC-2: Adaptive flight control system. Evaluation of the
adaptive flight control system in subsonic and transonic flights of
the air-launch test vehicle help establish confidence and safe pro-
cedures prior to orbital entry flights.

I
I

I
I

I
I

I
I

I

Flight plan. - A total of 30 free and powered air-launch flights are planned
to meet the primary and secondary objectives stated above. Twenty free glide
and 10 powered flights are to be accomplished within a 10-month time span.
Flight profiles will range from medium and low L/D (steep) to high L/D
(shallow) approaches. Early flights will operate at lower wing loading, then

build up to 55 lb/ft 2 (270 kg/m2).

Specific flight objectives for each flight have been developed from the ap-
plicable research tasks. A preliminary flight plan is shown in table 15 for
30 flights.

Air-launch vehicle description. - The air-launch vehicle supporting the
entry research program will be full scale matching the aerodynamic outer
lines of the actual entry vehicles. Airframe structure will be similar to the
entry vehicle except for the nose section forward of the pilot. Dummy heat
shield panels will be' attached to the structural skin. The pilot will have an
ejection seat and jettisonable canopy. In addition to the normal SAS fly-by-
wire system, a direct mechanical link system will be provided as backup.
Inertial platform, computer and other orbital guidance and navigation equip-
ment will not be required in these test vehicles except in special evaluation
flights. Communication equipment will be limited to voice, telemetry and
tracking beacon. A cabin conditioning and pilot oxygen subsystem will re-
place the more complex entry vehicle EC/LS. Pilot displays and instruments
will be similar to the entry vehicle installation except where the ejection seat
dictates a change. Electrical power will be a battery system designed to the

air-launch test mission. Propulsion will include the H202 landing assist system

with thrustors slightly relocated to allow for the main rocket engine.
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Several major differences in the airframe structure will result from pro-

pulsion tank installation near the c.g. of the entry vehicle, ejection seat sup-

port bulkhead and carrier aircraft support points. Dummy heat shield panels
will be attached to the aluminum skin. The single pilot will have an ejection
seat and jettisonable canopy. Control surfaces and landing gear installations

will be identical. Gross weight of the air-launch vehicle will be adjustable by
ballast tanks from about 80 to i00 percent of the entry vehicle landing weight.

Because of the smaller pressurized cabin structure, deletion of major equip-

ment items, lightweight simulated heat shield, and elimination of two crew
stations, approximately 1800 pounds (825 kg) of ballast would be required on
the free glide vehicle. Installation of the main propulsion system is expected
to use most of the 1800 pound (825 kg) difference.

Carrier aircraft and HL-10 drop vehicle interfaces.- Limited study has
been made to analyze requirements for airlifting the entry vehicle to altitude
for drop flight tests. The B-52, C-141, and C-5A aircraft were considered

as carrier aircraft candidates. Evaluation proved the B-52 best suited for
the task from the standpoint of availability, performance, clearances, and

structural margin. The availability of the C-5A is considered poor in the
time frame of the proposed drop tests. Vehicle size E, however, poses
some major problems in clearance (folding fin and/or telescoping pylon would
be required) on the B-52 while the C-5A would better accommodate this size.

Three techniques for mounting the HL-10 A, B, C, D and E size entry ve-

hicles were studied. Figure 59 shows the five entry vehicles mounted to the
existing B-52 with the X-I 5 pylon. Note the interference of the fin of all sizes
necessitating folding of the C, D and E fins and some modification of the pylon

for all entry vehicle sizes.

This particular concept allows sufficient ground clearance to land the B-52

with HL-10 attached, gear down. By compromising the gear down require-
ment and accepting minimal clearance of 7 inches (I 7. 7 cm) above static ground

line (max. B-52 takeoff weight) and by transfer of fuel to the opposite B-52
wing, center fin clearance without folding is possible for the A, B, C and D

sizes. Figure 60 shows the D entry vehicle mounted on a new pylon designed

expressly for the HL-10. If late model B-52 aircraft are used, only minimal
wing beef-up is required for this pylon.

A third technique of attachment is a retractable pylon design in which the
HL-10 would be held to the B-52 at a +9 ° angle of incidence as illustrated in

figure 61. Just prior to release from the B-52, the HL-10 would be lowered

to the -0. 5 ° incidence angle and released. This approach allows about 19
inches (48.3 cm) ground clearance for the D-size vehicle.

The folded fin concept poses some major problems of lateral stability just
after release from the carrier aircraft; thorough wind tunnel testing would be

required. The second concept provides only minimal ground clearance for

the HL-10 but is the simplest engineering solution. The probability of landing
with HL-10 gear down is very low and can further be reduced by an interlock
with the B-52 interface. The technique of retracting the HL-10 at positive

incidence while attached to the B-52 provides both ample ground clearance and
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fin clearance. Engineering problems are introduced, however. The extend-

able pylon in the extended position must have high torsional (HL-10 roll) stiff-
ness. Further, stability and trim problems are introduced to the B-52. For

purposes of cost evaluation, the second concept of minimum ground clearance
with the new pylon has been selected.

9. Flight Operations Plan

Flight operations are defined in this study as the implementation of the re-

search flight plan through the use of the developed entry vehicles, GSE support
facilities, launch vehicles and operating personnel. The phased approach, as

applied to the flight operations plan, starts with support facility preparations
and proceeds to launch vehicle and entry vehicle preparations, the research
flight mission and data processing. Maximum utilization of currently operating
mission support facilities is emphasized. Mission Control Center, Houston;

selected Gemini and Apollo tracking and communication stations; the Manned
Space Flight Network; the Merritt Island facilities at KSC, Titan Ill Complex
40; the Air Rescue Service (USAF); FRC, Edwards AFB operations; Eglin

AFB and three tracking/communications ships.

The detailed flight objectives and mission profiles are derived in research

value and flight loading analysis of Part Vl of this report. This analysis
provides optimal (maximum research value) loading of research tasks on a
series of flights of different entry profiles. Although experiment equipment,

crew tasks and the entry profile differ from flight to flight, the overall opera-
tion from launch preparation to flight data analysis is essentially the same for

each flight.

Launch control through countdown liftoff and umbilical clearance would be
by the Launch Control Center at the Titan III Vertical Integration building.

Mission Control Center at Houston would then take control through boost,

insertion, orbit, deorbit, entry to the point where FRC, Edwards radars ac-
quire the entry vehicle and the terminal guidance mode is established. Then,
FRC, Edwards takes control in the same manner as for an X-15 mission.

Activation of operations facilities. - No extensive activation of facilities

for flight operations is required in this program. Activation of man-rating
modifications at the Titan III launch site and the terminal guidance radar,

computer, command buffer linkup at FRC, Edwards are the two major activa-
tions. Facility interface and performance specifications will control checkout

process for activation of each facility. Facility activation tasks are listed
below:

Demonstration of man-rating modifications at Titan Ill, Complex 40

Readiness of Mobile Service Tower "white room" modifications

Operational readiness at RF Link-Titan Ill Launch Control to Merritt
Island

Working areas and utility services for entry vehicle at MSOC

i:!
2 OO,

O00
il 'i i: ....i i: i ! _,_4,_ :. :i:. :."

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



I
I
I

I

I

I
I

I
I
I

I
I

I
I

I

I
I
I

DBO

000

000

:: : : :: :o. . o° o
• • • • • • 00 • O0 • •

. • . • . ... • . . . . ." " ."."O0 000 00 UQO • • 00 O0 • • O0

Integration of display changes at MOCR, Houston

Readiness of AN/FRW-2, Computer, AN/FPS-16 and buffer equip-
ment at FRC, Edwards

Readiness of automatic landing system at FRC, Edwards

Readiness of crew support van at FRC

Integration of AN]FPS-16, Computer, AN/FRW-2 and buffer equip-

ment at Eglin AFB (alternate landing site}.

Entry vehicle preparation at Merritt Island, KSC. - Entry vehicle receiving

inspection, adapter mating, servicing, and checkout prior to erection on the
launch complex are planned to take place at the Manned Spacecraft Operations

and Checkout facility with some support operations of the Fluid Test Support
Building, the Ordnance Storage facility, the Parachute Building and the Central
Instrumentation facility. After delivery from the factory by air carrier to
the Cape Kennedy "skid strip, " the entry vehicle will be transported directly

to the MSOC for receiving inspection. The entry vehicle will be mated to the
GSE and subsystem tests performed. In this same facility, the adapter will

be mated to the entry vehicle and the whole unit installed in the large vacuum
chamber for final leak checks. Finally, the entry vehicle will be serviced,

Class C ordnance and parachutes installed, and the entry vehicle prepared
for transport to the Titan Ill Launch Complex 40. Telemetry data from the

subsystem and mission simulation in the MSOC facility will be transmitted

by RF link to the Central Instrumentation facility.

Titan III integrated launch system operations. - Because of the research
and development orientation of the HL-10 entry research program, the entry

vehicle will bypass the normal payload integration function at the Vertical
Integration Building and be moved directly to Launch Complex 40 and immed-
iately raised for mating to the Titan III-C launch vehicle. Launch checkout
GSE, mounted in vans, will already be in position at the pad. After electrical

and mechanical mating, umbilical drop checks will be conducted. System

checks, servicing and entry vehicle simulated flight tests will be conducted
in parallel with launch vehicle tests. Integral launch vehicle and entry ve-
hicle tests, joint simulated flight tests, flight readiness review, propellant

loading and final countdown checks follow. A summary of launch site opera-
tions is shown in table 16.

Launch, orbit, deorbit, entry and landing.- All the manned research flights
follow a sequence of operations described below.

Launch: After propellant loading, subsystem checks, ordnance connections
and final leak checks, the flight crew members ascend the umbilical tower via

the high speed elevator, cross over to the white room surrounding the entry
vehicle and enter the vehicle through the top hatch. They proceed to check out

the entry vehicle subsystems and monitor displays. After electrical power
transfer from GSE to entry vehicle, the mobile service tower is retired. Final

launch vehicle and entry vehicle checks are made after which automatic count-
down proceeds to launch vehicle ignition and liftoff. At this point, flight con-

trol shifts from the Titan III flight control center to MCC at Houston. After
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TABLE 16

LAUNCH SITE OPERATIONS SUMMARY

Function

Entry vehicle pyrotechnic installation

Entry vehicle deorbit/abort motor
installation

Subsystem tests

Entry vehicle flight simulation in
vacuum check

Launch vehicle core staging

Launch vehicle solid rocket motor

ins tallation

Entry vehicle-launch vehicle mating

Range communication checks

H202 loading in entry vehicle

Flight crew insertion and escape

Facility used

Pyrotechnic Installation Building

Pyrotechnic Installation Building

MSOC Building

MSOC Building

Titan III Vertical Integration Building

Titan III Solid Rocket Motor Installa-

tion Building

Titan III Launch Complex 40

Complex 40, CKAFS Central Control

Complex 40

Umbilical Tower, Complex 40

liftoff the flight crew continues to monitor the entry vehicle subsystems and

launch vehicle malfunction detection displays. At the same time, Cape Kennedy

tracking datais computed by MCC-Houston. After launch vehicle staging and
Stage II cutoff the entry vehicle reaction control system is turned on and the
Titan III-C second stage is separated.

Orbit: At the insertion point, Bermuda communications is in contact with
the entry vehicle and insertion tracking data is relayed to MCC. Onboard

orbit data from the guidance computer and subsystem performance status
are reported to MCC via Bermuda. At the same time, the flight test engineer

begins final preparations and calibrations of the experiments. The first orbit
is in contact with communication stations at Canary Islands, Carnarvon, White

Sands, Corpus Christi and Cape Kennedy. After completing the second orbit,

the pilot commander receives deorbit update data from MCC via Bermuda.

Deorbit: After passing Pretoria, the deorbit attitude is established and

the deorbit countdown initiated. Deorbit thrusting and adapter separation are

confirmed by telemetry and voice message to the deorbit tracking and com-
munication ship positioned directly below. The entry vehicle is then rotated
to the entry attitude and data is telemetered to the Carnarvon station.

Entry: The tracking acquisition message is transmitted from Carnarvon

tracking radars to the entry tracking ship located East of Australia. At this

same time, entry experiments are turned on and data recorded in the entry
vehicle. The entry vehicle enters the sensible atmosphere at 400 000 feet

(122 kin) over the entry tracking ship. The last telemetry and voice trans-
missions from the entry vehicle before communications blackout are made at
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this point. About 2-1/2 minutes after passing over the entry tracking ship,
communications blackout should start and 30 seconds later the entry vehicle
will have descended to 280 000 feet (85.4 km) at which time aerodynamic
control takes effect. The entry vehicle, still under communications blackout,
is skin tracked from Hawaii radars as it passes the 250 000-foot (76.3 kin)
mark. Some 400 nautical miles (741 kin) west of the west coast of the United
States, the entry vehicle emerges from blackout and communication is re-

established from a postblackout ship east of this point. This tracking ship
acquires the entry vehicle and begins computing trajectory data. Point
Arguello station radars acquire the entry shortly after this. After the entry
vehicle passes Point Arguello, the AN/FPS-16 radar at FRC, Edwards acquires
the entry vehicle and coded steering commands are automatically transmitted
to the entry vehicle in its terminal guidance phase. After reaching the high
key point, the entry vehicle descends to Mach 6 and the air data system is
initiated.

Visual contact with FRC should occur next. At about Mach 2 the pilot pitches
the entry vehicle to the positive slope portion of the L/D versus a. During
transonic flight which follows, the canopy heat shield cover is jettisoned.
Mid and low key points are crossed during the last subsonic portion of the
entry flight and the final landing approach executed by the pilot. Mission con-
trol is transferred to FRC when the entry vehicle is acquired by FRC radar.

Landing: After the final runway approach is made, the flareout is executed
by the pilot. Several seconds before touchdown the landing gear is lowered
and, after slideout starts, the braking parachute is released and the entry ve-
hicle slides to a stop. The crew proceeds to secure the vehicle, vent the cabin
and open the top hatch. The crew support van moves into position as the ground
crew assists the flight crew in opening the top hatch and egressing the entry
vehicle.

The flight mission from countdown at the launch site to landing is summar-
ized in a sequence of events model in table 17.

Recovery operations at FRC, Edwards and Eglin AFB. - Support operations
at FRC, Edwards start with the B-52 air-launch flights in the latter phases
of entry vehicle development. Two B-52 aircraft outfitted with special
carrier pylons are planned. The HL-10 air-launch vehicles will operate in
a manner similar to the Norair HL-10 and M2-F2 vehicles. The automatic

landing system used in the unmanned entry flights will be checked out using
the air-launch vehicles for final demonstration. Various fly-by tests with
the entry vehicle transponder are planned to check out tracking and command
procedures, exercising the AN/FPS-16 radar linked to the computer, com-
mand buffer and AN/FRW-2 transmitter as an operating system.

After landing, the entry vehicle is prepared for transfer to the operations
hangar. Here, data tape is removed and dispatched to the central data reduc-
tion center (entry vehicle contractor's plant) and components designated to be
shipped separately are removed. After an external and cabin inspection, the
entry vehicle is to be air transported to the entry vehicle contractor' s plant.
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TABLE 17

SEQUENCE OF EVENTS MODEL, ENTRY CONDITION C

Time

-i0:50:00

- 7:00:00

L
6:00:00

3:00:00

2:00:00

,- 1:50:00

I_ i;30:00

- 1:20:00

- 1:10:00

- 0:30:00

- 0:00:00

+ 0:00:10

+ 0:00:20

+ 0:00:23

+ 0:00:33

+ 0:02:00

+ 0:04:08

+ 0:07:40

+ 0:07:50

+ 0:08:18

+ 0:19:05

+ 0:54:49

+ 1:33:51

+ 1:35:08

+ 1:38:53

+ 1:42:31

+ 1:53:11

+ 2:21:55

+ 2:23:00

,+ 2:57:11

+ 2:57:46

+ 2:59:52

+ 3:01:38

Entry vehicle subsystem

Event functions Crew tasks

Propellant loading

Guidance and control

computer checks

Instrumentation checks

Communication checks

EC/LS checks

Start ordnance con-

nections and checks

Complete all ordnance

checks

Startleak checks

Insert flight crew in

entry vehicle

Transfer entry vehicle

power

Refire MST

Complete entry vehicle

and launch vehicle

checkouts

Liftoff

End vertical rise; start

roll

End roll program

SRM shutdown; Stage 1

start

Jettison SBM's

Start closed loop guidance

Stage 1 shutdown; Stage 2

start

Stage 1 separation

Stage 2 shutdown

Separate Stage 2 from

entry vehicle

Confir m separation

Maximum elevation angle

Bermuda station

Maximum elevation angle

Canary Islands

Maximum elevation angle

Carnarvon

Maximum elevation angle

White Sands

Maximum elevation angle

Corpus Christi

Maximum elevation angle

Kennedy

Maximum elevation angle

Bermuda

Maximum elevation angle

Canary Islands

Maximum elevation angle

Carnarvon

Maximum elevation angle

post-blackout ship

Maximum elevation angle

Pt. Arguello

Maximum elevation angle

FRC, Edwards AFB

Maximum elevation angle

White Sands

Maximum elevation angle

Corpus Christi

RCS and landing assist
start valves closed

Primary and backup sys-

tems ON

Transducers energized.

Multiplexers ON

HE, VHF, S-band,

C-band, UHF ON

Resume switching

functions

EC / LS and propulsion

high pressure system

Start hatch button-up

Entry vehicle subsystems

on standby power

Arm entry vehicle ord-

nance

Start guidance program-

met

Subsystems in launch

status

r

Start BCS

Stabilize entry vehicle

attitude

VHF transmission

HF, VHF, S-band trans-

mission

All subsystems m orbit

mode

Crew medical checks

and suiting

Crew van to pad area

Crew enter entry ve-

hicle; check subsystem

Monitor displays

Start final entry vehicle

checkout

Monitor MD$ status to

LCC

Monitor MDS status to

MCC

Monitor entry vehicle

status to MCC

Monitor entry vehicle

system and MDS

r

Monitor separation

Contact Bermuda

Voice entry vehicle

status. OK orbit

Entry vehicle and crew

status--voice/telemetry

GSE and GOSS functions

It2• 2 load and metering units

Guidance and control test

consoles and simulators

MILO ground station; cali-
br ahon units

Antenna couplers; beacon

interrogators

EC / LS checkout console;

coolant, 02 units

Pyrotechnic testers,
simulators

Propulsion and EC/LS leak

:heckers

Power and control monitor

console

Umbilical lanyards installed

Operate GSE at pad--all

systems

Start KSC tracking and T/M

receive

HF, VHF voice to entry

vehicle

MCC compute trajectory

r

Bermuda tracking

Bermuda tracking

Start orbital data eompu*
tation

Bermuda tracking, trans-

mitting, receiving

Track and communicate
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TABLE 17. --Concluded

SEQUENCE OF EVENTS MODEL, ENTRY CONDITION C

Time

+ 3:05:30

Entry vehicle subsystem
Event functions Crew tasks GSE and GOSS functions

Track and communicateMaximum elevation angle

Cape Kennedy

+ 3:08:47 Deorbit guidance update

Bermuda

+ 3:36:34 Maximum elevation angle

Pretoria

+ 3:40:00 Final research instru

mentation calibration

+ 3:41:00 Rotate entry vehicle for

deorbit (- 180 "}

+ 3:44:00 Start deorbit countdown

+ 3:44:42 Initiate deorbit thrusting

+ 3:45:30 Pass deorbit ship

+ 3:48:00 Rotate entry vehicle for

entry attitude

+ 3:56:43 Maximum elevation angle
Carnarvon

+ 4:15:54 Enter atmosphere at 400k

feet (122 km)

Maximum elevation angle

entry tracking ship

+ 4:16:00 Start data recorders for

experiments

Pre- communication black-

out transmissions

+ 4:16:34 Enter communication

blackout

+ 4:18:54 280k ft altitude (85 ks)

+ 4:20:54 Pitch entry vehicle from
52oa to 26°a

+ 4:24:54 Pitch entry vehicle from

26°a to 45°a

+ 4:30:00 Maximum elevation angle

Hawaii

+ 4:36:54 200k ft (61 ks) altitude

+ 4:39:33 Exit communications

blackout

+ 4:40:33 Pass post-blackout ship

+ 4:41:33 FRC C-hand track

acquisition

+ 4:42:30 High key point

+ 4:42:33 Begin Mach 6 to 1.2

range

+ 4:41:54 Overfly U.S. coast

(Pt. Arguello)

+ 4:43:00 Visual contact with FRC

area

+ 4:44:54 Pitch entry vehicle from

45°a to 150°a

+ 4:46:33 Enter transonic flight

Mach l, 2

+ 4:47:00 Jettison canopy heat

shield

+ 4:47:36 Exit transonic flight

Mach 0.8

+ 4:48:00 Pass mid key point

+ 4:48:30 Pass low key point

+ 4:48:30 Start final approach

+ 4:49:00 Initiate Hare--out

+ 4:49:18 Extend landing gear

+ 4:49:20 Touchdown

+ 4:49:30 End slide out

+ 4:52:30 Crew egress

HF, VHF, S-band trans-

mission

All subsystems in orbit

mode

Update guidance computer

HF, VHF, S-band trans-

mission

All subsystems in orbit

mode

Art ref system and hori-
zon scan used

Deorbit sequencer ON

Fire deorbit engines

Eject adapter. Telem-

etry transmitting

Att ref system and RCS

Telemetry transmission

Telemetry transmission

Hydraulic motor pumps

ON

Entry vehicle subsystems

in entry mode

Telemetry transmission

Data on tape only

Aerodynamic control of

entry vehicle starts

Biasing surfaces activated

Telemetry transmitted

Switch to air data system

Biasing surfaces

actuated

Pilot seat in landing

position

Arm landing assist motor

Apply landing assist thrust

if required

Vent cabin

Entry vehicle and crew

status- -voice/telemetry

L
Entry vehicle and crew

status- -voice/telemetry

Conduct pre - entry

calibration

Control entry vehicle

attitude

Conduct deorbit count

Maintain entry vehicle
attitude

Report retrofire to MCC

Operate attitude control

Report entry vehicle

status

Report entry vehicle
status

Steer to display com-

mands

Monitor experimental

data

Control entry vehicle

attitude

Control entry vehicle

attitude

Monitor critical

experiments

Entry vehicle and crew

status to FRC

Receive voice steering
data

Entry vehicle and crew

status to FRC

Change entry vehicle
attitude

Check temperature and

jettison shield

Visual runway sighting

Steer entry vehicle;

deploy drag chute

Secure entry vehicle

systems

Deorbit update message

Confirm deorbit via

telemetry

Entry vehicle attitude data

to Carnarvon

Track and communicate

Track entry vehicle

Acquire entry vehicle

(skin track) Hawaii

Skin track; start contact

entry vehicle

Post-blackout ship track

FRC lock on entry vehicle
and send UHP commands

to entry vehicle

Track entry vehicle

FRC optical tracking

Entry vehicle service and

crew support van

Crew egress equipment

Removal of data tapes
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Recovery operations at Eglin AFB are similar to FRC, Edwards AFB ex-
cept that entry vehicle handling equipment is limited to that necessary for

crew safety. Handling and shipping equipment will be flown from FRC, Edwards
within 24 hours.

Emergency recovery operations. - Pad abort recovery is accomplished by
steering the entry vehicle over water just off shore from Complex 40. Navy

recovery forces will transfer the flight crew. The entry vehicle will be
transported by ship or "Flying Crane helicopter. Recovery from qmax. abort

is accomplished by the same sort of rescue operation.

High altitude/velocity abort results in a high or low L/D entry followed by

parachute landing at sea. The entry vehicle is designed for flotation and crew
support for five days without aid. Air rescue aircraft should be on site within

2 to 3 hours with auxiliary flotation equipment and paramedical aid if required.
No recovery ships will be stationed to support abort recovery in this plan.

Surface rescue and entry vehicle retrieval will be accomplished by designated
Navy vessels within a 750-nautical mile (i. 39-Mm) range (about two days
steaming). Communications to these ships will be via standard naval opera-
tional links. Excessive sea state in the critical abort areas will be cause to

delay the flight. Launchings are planned to permit at least four hours daylight
in the launch abort recovery areas.

Mission abort from orbit results in either a terminally, guided return and
runway landing at either FRC, Edwards or Eglin AFB depending on the orbit.

The probability of aborting the mission and landing at any other location is
estimated to be sufficiently low to preclude any operational requirement to

support such landings.

Emergency crew recovery from entry flight below about Mach 2 will be
accomplished by ejecting a drogue parachute to stabilize the entry vehicle

and reduce speed to subsonic conditions below 30 000 feet (9.14 kin). At this
point, the A and B size vehicles will initiate seat ejections. The C, D and E

sizes (3 or more crew members) will deploy a main parachute. Land impact
of the larger sized entry vehicles will cause structural damage but the crew

will be protected from serious injury. Helicopter and land rescue will be
provide d.

Data recovery and processing. - Flight data is collected from five major
sources: (I) entry vehicle subsystem performance and research data recorded

on magnetic tape aboard the entry vehicle, (2) entry vehicle subsystem and
research data transmitted to various ground stations, (3) voice transmissions

recorded at MCC, (4) ground tracking data recorded and computed at the var-
ious tracking stations, and (5) data accumulated from inspections and labora-
tory specimen analyses of the entry vehicle after landing. Because of the

short time span between data reduction and the next flight, earliest possible
dispatch of telemetry and ground tracking data tapes to the central data facility
for analysis is accomplished by air courier. The telemetry tapes and tracking

data (tapes and printout) will be duplicated at the originating stations. Prev-
iously developed computer programs will be used to reconstruct the trajectory

from tracking data and compare these results with the onboard results. Diag-
nostic data on entry vehicle tape and from ground telemetry will be reduced
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and examined for any off-nominal performance that would cause changes or
adjustments for the next flight. Research data will be processed in the same
facility. Results will be compared with the predicted values to determine

changes, if any, that would be needed in the succeeding flights. Data proc-

essing will be automated from the raw tape to the final data presentation to
maximize the time between available results and the succeeding flight.

Unmanned flights. - Unmanned flights differ operationally from manned

flights in several ways. One major difference is the automatic landing tech-
nique in the unmanned system demonstration flight. Terminal guidance ground

commands control the unmanned entry vehicle to the final approach after which
the automatic landing control commands the entry vehicle through touchdown
and slideout. The automatic landing system is fully described in Part IV of

this report. In approaching the west coast of the United States, the unmanned
entry vehicle will be interrogated by ground base roll and pitch commands. If

the entry vehicle responds correctly, the flight into Edwards will continue, if
not, a termination command will be sent to kill lift and impact in restricted
waters.

I0. Baseline Communication Coverage

Communications coverage in support of the baseline mission is less exten-
sive than the Gemini system because of the limited mission events in orbit.

Emphasis is on launch, deorbit and entry phases of the mission. Coverage of
the three-orbit mission is shown in figure 2. Tracking coverage boundaries
are constant 5 ° elevation angle limits and are modified to account for orbital

altitudes of each pass. Figure 3 relates the elevation look angles as a func-
tion of the mission time at each station.

The Manned Space Flight Net (IVISFN) will support the entry research flight
mission. That portion of the network to be used on this mission is illustrated

in the network diagram of figure 62. Three of the five Apollo tracking ships
will be used to track and communicate with the entry vehicle at deorbit, pre-
blackout and postblackout points. A supplemental satellite communications

network of 40 kilobit capability is planned. Note the added link between
Houston and FRC, Edwards.

C. DETAILED SCHEDULES FOR BASELINE PLAN - 11 FLIGHTS

Scheduling of both the developmental and operational tasks discussed in

previous sections has been prepared. The Authority to Proceed is the refer-

ence starting point. Figure 63 is a chart of 74 development program tasks.
Operational phase scheduling is shown in figure 64. Time spans for the various

program tasks were derived from similar tasks of other completed programs
such as Gemini and PRIME. These schedules are normally paced and include

the effects of design changes, test failures and span time estimation accuracy
as extrapolated from recent space programs. An II flight program (2 unman-

ned, 9 manned) is used as a baseline plan. As few as 5 and up to 21 flights
can be applied to this schedule by simply deleting from or adding to the 11-
flight schedule.
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An example of subsystem development and qualification is shown for the
Navigation and Guidance Subsystem in figure 65. It is from planning schedules

such as these that the development time spans for each subsystem were de-
rived.

D. VARIATIONS FROM BASELINE PLAN: EFFECTS OF SIZE AND
NUMBER OF FLIGHTS

The effect of entry vehicle size on the research program plan and schedule

was explored by examining possible changes in each detailed element within

each program task. The structural complexity of the range of airframe sizes
from A to E were found to be the same. Except for physical size or capacity,

nearly all the subsystems of the entry vehicle were unchanged with vehicle

size. Three exceptions in subsystem design are noted below:

(i) The A and B size vehicles have ejection seats for emergency crew
recovery after mission abort. Vehicle sizes C, D and E have large

3-canopy parachute systems for recovery of the whole entry vehicle

with crew. Ejection seats require fixed station ejection tests and
rocket sled ejection demonstrations. The larger vehicles require

parachute development programs and recovery demonstration test
involving full-scale boiler plate entry vehicles.

(2) The EC/LS is larger and more complex for the large size entry ve-
hicles with crew sizes of 3 and more. Development span for these

more complex subsystems will be slightly longer for the larger
vehicles.

(3) Crew displays other than the pilot' s station grow in complexity with
vehicle size. Development and production testing of displays is

slightly more extensive on the C, D and E vehicles.

None of the exceptions cited above cause any appreciable change in the

major milestone completions, i.e., entry vehicle delivery and first.launch.

The number of research flights, however, have a direct influence on the
overall entry research program. The number of launch vehicle adapters as
well as the duration of flight testing increases in proportion to the number of

manned research missions flown. Again, as in vehicle size, number of flights
have no discernible influence on the development program since all the ground

rules, constraints and guidelines adopted for this study apply to all flight plan
sizes.

The influence of number of research flights on program procurement, re-

furbishment and program duration is summarized in table 18.
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TABLE 18

PROGRAM REQUIREMENTS VERSUS NUMBER OF RESEARCH FLIGHTS

I

I

I

I

Requirement Total number of research flights

Total number of research flights

Number of manned flights

Number of entry vehicles built

Number of refurbishments

Number of launch vehicles

Number of adapters

Duration of flight test program
(month s)

Total program duration (months)

5 7 9 11 13 15 17 21

3 5 .7 9 11 13 15 19

3 4 5 6 6 7 7 7

1 2 3 4 6 7 9 13

5 7 9 11 13 15 17 21

5 7 9 11 13 15 17 21

9 15 19 23 27 31 35 43

44 50 54 58 62 66 70 78
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IV. GSE AND FACILITY REQUIREMENTS

A. GENERAL APPROACH USED IN DEFINITION OF REQUIREMENTS

I
I

I
I

I
I

One of the main objectives used to establish ground support equipment
(GSE) and facility requirements for this program was to develop a reliable
ground support system for minimum cost. In this respect, a major effort
has been directed toward maximum utilization of existing hardware.

The required GSE and facilities must be available and adequate to assure
scheduled checkout and launch of each entry vehicle for research flights. The
GSE must have the ability to handle, store, transport, inspect, install, erect,
test, service, adjust, safeguard, actuate, maintain, launch, guide, record
and control the entry vehicle system.

Automatic checkout GSE shall be provided to perform final subsystem
checks, combined systems test and automatic countdowns on each research
entry vehicle.

B. FACILITY REQUIREMENTS

1. Manufacturing Site

I

I

I

I

I

I

I

Major

(1)

(2)

(3)

facilities required for the manufacturing phase are as follows:

Entry vehicle manufacturing area for detail fabrication and assem-
bly of the entry vehicle (existing}.

Entry vehicle test area for supporting the integration of equipment
and the production acceptance testing of the entry vehicle (existing).

Manufacturing area for supporting the checkout of components and
subsystems (existing).

(4) Entry vehicle refurbishment and reconfiguration area (existing).

(5) GSE manufacturing area for detail fabrication and assembly of all
new or modified GSE.

(6)

(7)

GSE test area for functional and reliability testing of all GSE before
mating with the entry vehicle (existing).

Space chamber for extension of production acceptance testing of
the entry vehicle under simulated space environment (existing).
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2. Launch Site

The following facilities are required at the launch site:

(i) Operations and checkout buildings for supporting the operational
and functional checkout of the entry vehicle system, subsystems,
and components (existing).

(2) Fluid complex for extension of functional system and subsystem
checkout (existing).

(3) Space chamber for performing complete functional checkout and
simulating mission profiles under space environments (existing).

(4) Launch pad for supporting preparation and launch operation
(existing - program modified).

(5) Storage facilitiesfor logistics, and ordnance (existing).

(6) Parachute building for storage and checking of parachutes
(existing).

(7) Range support (existing).

Either Titan III Complex 40 or 41 can be used with only minor changes
required to accommodate the entry vehicle. Complex 40 is recommended
for use on this program based on availability and its capability to accom-
modate the erection and the de-erection of the entry vehicle. Man-rated in-
stallations such as water sprinklers, hazard alarm system, crew escape
provisions and a crew-waiting clean room must be added on the complex.
See figures 66through 70 for Complex 40 arrangement and Titan III facilities.

One of the major facilities on the complex requiring changes is the Mobile
Service Tower (fig. 71). The environmentally controlled room must be ex-
tended downward to working level No. 9. Gaps should be sealed and the
entire room refurbished. Also, retractable service platforms must be added
to working level No. 9. Service platforms at levels 10, 11 and 12 require
modification.

Consideration has been given to requirements for this program on a
Saturn IB Complex which would be used to comply with secondary objective
facility needs. Saturn Launch Complexes 34 and 37 are compatible with the
entry vehicle launched by Saturn IB vehicles; only minor modifications are
required to the mobile service tower. These consist of modifying or replac-
ing three levels of retractable service platforms, and adding a soft liner to
the existing silo shells, to provide for maintenance of white room atmosphere
inside the unsealed silo. Man-rated installations similar to those required
on Titan III Complex 40 should be included.

The umbilical tower and umbilical mast are compatible with entry vehicle
requirements. In addition to the GSE to be installed on each, a crew-waiting
clean room should be provided at the 225. 5 foot (68.9 m) level on the umbili-
cal tower.
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" A crew evacuation system to readily accommodate a large group of person-
nel is required to supplement the elevator. Such provisions will be added to
the umbilical tower and umbilical mast as shown in figure 72.

NASA-KSC existing facilities are compatible with entry vehicle servicing
and storage requirements. Adequate space is evident in the MSOC facility

to accommodate the entry vehicle along with other current programs.

Receiving-inspection, operational and functional checkout of the entry
vehicle system, subsystems, and components will be performed in the MSOC
facility. One of the large existing space chambers in the MSOC can be used
for performing simulated mission profiles with the entry vehicle under space
environments.

The existing Fluid Test Support Building will be used for extension of
entry vehicle fluid subsystems checkout.

Entry vehicle logistic support can be accommodated in the existing Space-
craft Spares and Equipment Building. Also, entry vehicle ordnance storage
can be shared with other ordnance in the existing Ordnance Storage Facility.

The existing Parachute Building can be shared for storage and checking
of entry vehicle emergency recovery chutes. Refer to figure 73 for KSC
Facility locations.

The Titan III Vertical Integration Building (VIB) is normally used to check
out the Titan III launch vehicle and the payload combined prior to delivery to
the launch complex. On this program, only the Titan III launch vehicle will
be prepared in the VIB while the entry vehicle is being prepared in the MSOC
facility. The launch vehicle and entry vehicle will be mated at the complex,
using existing erection facilities. This arrangement is considered to be more
efficient and less time consuming.

A RF data link is required between Titan III Launch Control Center in the
VIB and the Saturn Central Instrumentation Facility at KSC. This link would
provide telemetry data, during countdown and launch, from the entry vehicle
to the NASA Instrumentation Facility.

Other existing support facilities to be used are:

KSC Facilities CKAFS Facilities

Cryogenic Test
Flight Crew Support
Environmental Systems Test
RF Systems Test
Pyrotechnic Installation

Hanger L
Liquid Fuel Storage
Solid Propellant Storage
Solid Rocket Motor Assembly Bldg.
Launch Control Center

Transporter/Thrust Mount
Water Distribution System
Power Distribution System
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3. Mission Control Center--Houston

Tracking and flight mission control facilities are required at Manned Space
Center-Houston. Existing facilities are compatible with entry vehicle
equipment. Mission Operating Control Room No. 1 or 2 can be shared with
the Apollo program for HL-10 orbital mission control functions. Current
program planning and support facilities can be shared.

Facility modifications required for the HL-10 program are mission dis-
play changes and the addition of a voice and teletype communication link from
MSC to FRC Edwards AFB.

4. Primary Landing Site--FRC Edwards

Minimum facilities will be required at FRC during entry vehicle air-
launch flight phase and subsequent orbital landing phases of the entire program.
Facilities required are as follows:

(1) Entry vehicle servicing hangar (existing).

(2) Flight crew support van (new).

(3) Operation office (existing).

(4) Terminal guidance control facility equipped with necessary
radar, communications, computers--etc., suitable for unmanned
and manned orbital landing flights (existing--program modified).

(5) Telemetry receiving facility (existing).

5. Alternate Landing Site Facilities--Eglin AFB

To establish an alternate landing site for the HL-10 program, the follow-
ing basic facility requirements must be provided.

(1) The landing site must contain aircraft landing and servicing
facilities similar to those of Edwards AFB. Facilities in this

category include terminal guidance control systems which have
suitable capability to handle emergency landing procedures of
the HL-10, telemetry recording equipment, flight crew support
and hangar space for servicing and storing the entry vehicle.

(2) Entry vehicle transportation, handling and servicing GSE will not
be on station at the alternate site; if required, it will be flown in
from the launch site, the manufacturing site or the primary
landing site.

(3) Emergency landing support procedures will be provided which de-
fine the services, support and handling of the crew and entry ve-
hicle under such emergency conditions.
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6. Telecommunication Ground Support Facilities

(1) Downrange communications, instrumentation and tracking subsys-

tems shall be provided to fulfill the requirements of the orbital
phase of the mission. These subsystems should include C-band

tracking, uhI voice command, vhf telemetry and hf air-to-ground voice

communication.

(2) Existing Apollo downrange land tracking and instrumentation sta-

tions are compatible with the HL-10 receiving and transmitting
equipment; therefore they should be used. In addition, three
tracking and communication ships will be required at sea; one for

deorbit, one for entry, and one for post-blackout.

(3) No new land stations are required; however, a new uhf command

transmitter (AN/FRW-2) is required at the primary landing site

(Edwards). Refer to figure 74 for complete telecommunications
ground support facilities required.

7. Abort Recovery and Telemetry Ships

Provisions for abort recovery and rescue of the entry vehicle and crew at

sea will be accomplished by aircraft and ships assigned for the purpose.

Facility requirements discussed in the above sections are summarized in
table 19.

C. GROUND SUPPORT EQUIPMENT FOR ENTRY VEHICLE

1. GSE Design Approach

This section describes the GSE plan which has been developed to meet the

operational support requirements of the HL-10 program. The following

criteria were used to determine GSE provisioning:

(i) All GSE is deliverable.

(2) All GSE design and implementation are simplified by assuming all
operations will be conducted by skilled engineers and technicians.

(3) GSE is to be selected and/or designed to minimize cost.

(4) Maximum use will be made of available GSE (GFP).

(5) Same GSE design to be used in all test areas--manufacturing,
launch site, and primary landing site.

(6) Titan III Complex 40 or 41 at Cape Kennedy Air Force Station

will be used for all launches.
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NASA- Center

TABLE 19

HL-i0 MAJOR OPERATIONAL FACILITIES

Existing facilities used New facilities required

Program offices None

Manufacturing
Site

John F. Kennedy
Space Center, NASA
and Cape Kennedy
Air Force Station

Downrange

Manned Space
Flight Center,
NASA

Goddard Space
Flight Center, NASA

Flight Research
Center- EAFB,
NASA

Eglin Air Force
Base

Design, manufacturing,
test, refurbish

Manned spacecraft operations
and checkout (MSOC)
Fluid test facilities

Titan III launch complex 40
LTR services

Titan III vertical integration
building
Titan III launch control
center (LCC)

Flight crew support
Spares, parachute and
ordnance storage

Communications, instru-

mentation and tracking land
stations.

5 tracking ships

Mission control center -
MOCR No. 1 or No. 2

Communication and data
distribution center

Spacecraft servicing hangar
and runways
Operations office and com-
puter
Guidance control facility
Radar tracking and telemetry
station

Hangar, offices, runways
Radar tracking and telemetry
station

Computer

To be furnished by
contractor

1) RF data link be-
tween T-III LCC
and Saturn central
instrument.
2) Modify MST in
environment con-
trolled room
3) Add clean room
and crew evacuation

system to umbilical
tower

None

Voice and teletype
link between MSFC
and FRC

None

Add uhf command

system

None
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(7) Entry vehicle receiving-inspection and preparation at the launch
site will be performed in existing NASA facilities at John F.
Kennedy Space Center.

(8) Automatic checkout and countdown GSE is to be used.

(9) Based on Gemini program success, scope of subsystem functional
testing at launch site to be reduced.

I

I
I

(10)

(11)

(12)

Entry vehicle to be transported on GSE dollies rather than on a
trailer.

The entry vehicle system and all subsystems shall be thoroughly
tested and checked out with GSE to assure maximum launch
readiness prior to delivery to the launch site.

Entry vehicle refurbishment will be performed at the manufactur-
ing site.

I
I

I
I

2. GSE Description and Utilization

The initial list of supporting equipment, as defined in tables 20 through
35, was generated in terms of the major types of equipment, such as check-
out, auxiliary, handling and servicing. To reduce the development time and
cost, each equipment requirement in the above categories was analyzed and
compared to equipment utilized on current space programs to determine if
the existing design was adequate or if the configuration was required. A
considerable amount of information was obtained concerning the utilization
potential of existing designs. Typical examples of such information are: the
Gemini and PRIME AGE system, and the Apollo ACE system for servicing
and checkout. Following is a brief description of each GSE system.

I
I
I

I

Propulsion sTstem.- GSE units are provided for hydrogen peroxide (H202)

conditioning, functional checkout, and servicing at the factory and at the
launch pad. GSE requirements for the factory and launch site are similar.

An H20 2 metering unit, H202 drain tank, GN 2 servicing unit and associated

hoses, lines and adapter kits are required at both locations. GSE for serv-
icing the entry vehicle at the launch site also includes provisions for emer-

gency dumping of the H202 propellant in the event of an extended launch hold.

During H20 2 conditioning tests at the factory and launch site, GSE is used

to measure and monitor temperature and pressure, as well as to drain and

purge the H20 2 system with GN 2.

Communication system.- GSE for communications checkout and monitoring
at the factory, launch site and primary landing site includes bench testing
units for hf, vhf, uhf and C- and S-band systems testing; also, C- and S-band
transponder and telemetry checkout and monitor sets, command (uhf) system
checkout and monitor set, voice communication (vhf, hf) test and recorder
sets, adapters and antenna hats.
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and monitor sets, command {uhf) system checkout and monitor set, voice

communication (vhf, hf) test and recorder sets, adapters and antenna hats.

Guidance and control system. - Guidance and control GSE consists of a
G&C computer checkout, recorder and monitoring set, inertial measuring

unit checkout and calibration set, computer analog output test and monitor
unit, autopilot simulator and test units, backup guidance system test unit and
switching logic test unit.

Electrical power system. - An entry vehicle d-c power supply control and
monitor unit, d-c power backup battery rack, power supply test unit, and
battery servicing kit are required at the factory and launch site for all phases
of testing.

Telemetry and instrumentation system.- GSE for telemetry and instru-
mentation receiving, recording, and control at both factory and launch site
includes PCM telemetry ground station, telemetry control console, S-band
telemetry receiver, telemetry tape recorder and digital printer, PCM te-

lemetry decommutator, and entry vehicle instrumentation test and calibra-
tion set. Also included are entry vehicle simulator, countdown display sys-

tem, telemetry remote power supply unit, antenna and coupling equipment
and logic switching unit.

Pilot escape system.- GSE for the pilot escape system is to be provided
for entry vehicle sizes A and B only. An ejection seat functional test fixture

will be required for supporting the ejection seat in the horizontal position
and simulating flight loads for checkout of the harness release mechanisms.

It also provides for checkout of the man/seat separator, and facilitiates trans-

fer of the seat to the entry vehicle. In addition, an ejection seat installation
assembly will be used to transfer the seat from test fixture and into the crew

compartment of the entry vehicle.

Parachute recovery GSE (entry vehicle sizes C, D and E only).- GSE for
parachute recovery of the entry vehicle consists of a recovery sequence
checker and a recovery system simulator.

Pyrotechnic system.- Pyrotechnic system servicing equipment includes

the GSE required to install and de-arm the pyrotechnic devices. Dummy
abort/separation rockets are used at the factory during rocket alignment
checks. Flight abort separation rocket installation and alignment, and pyro-

technic buildup functions will be performed in the Pyrotechnic Installations
]Building at KSC.

Pyrotechnic checks at the launch site will be similar to those at the fac-

tory. Pyrotechnic shorting plugs and de-arming equipment are installed to
render the entry vehicle safe. Prior to launch, pyrotechnic shorting plugs

and safety devices are removed and the pyrotechnic devices armed. GSE

associated with pyrotechnic servicing and checkout is designed to meet safety
requirements as delineated in AFETR-MI27-i, Range Safety Manual.
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_Weight, balance and alignment system.- GSE required for weight and
balance of the entry vehicle includes a weight and balance fixture designed
to receive the complete entry vehicle for weighing and locating the center of

gravity of the vehicle; holding, alignment, and locating fixtures to facilitate
alignment and rigging of the entry vehicle in the weight and balance fixture,
and an optical alignment tool kit for aligning the entry vehicle retrorockets

and guidance equipment.

Crew transfer system.- Consists of a crewman transfer van with pro-
visions for transporting suited crewmen from the Aeromedical Facility to
the launch pad at the launch site, and from the entry vehicle to medical facili-
ties at the primary landing site. This van can be a standard 20-foot {6. 1 m)
trailer van. It also must accommodate doctors and suit technicians who must
be in attendance at all times.

Sequential systems.- The GSE in this group constitutes the automatic
checkout equipment used to perform final subsystem checks, combined sys-
tems test and automatic countdowns. The major equipment consists of se-
quence control monitor and recorder consoles, sequential testing consoles,
systems test conductor console, switching logic unit, crewman checkout
simulator, entry vehicle simulator, launch vehicle simulator, and entry
vehicle to adapter simulators.

The entry vehicle simulator is an electrical unit providing signal sources
and loads duplicating launch vehicle circuit functions appearing at the inter-
faces. Used to validate the launch vehicle prior to entry vehicle/launch ve-
hicle mate. The launch vehicle simulator provides signal sources and loads
duplicating entry vehicle circuit functions appearing at the interface. It is
used to validate the entry vehicle prior to entry vehicle/launch vehicle mate.

The entry vehicle to adapter simulators are panels of equipment which
provide signals and loads at the adapter/entry vehicle interface for subsys-
tem level of compatibility testing of one module when the other is not avail-
able.

Environmental control and life systems.- GSE for EC/LS servicing at
both factory and launch site includes high and low pressure component test
benches, gaseous oxygen carts, water servicing units, entry vehicle coolant

servicing unit, O 2 sampling kits, high pressure hoses, cryogenic 0 2 servicing

consoles, a cryogenic transfer system, ground cooling unit with ducting, ECS
checkout console, leak detector, and an ECS package transfer dolly.

Aeromedical system.- An aeromedical monitor and record console is re-
quired for monitoring and recording the biomedical data and time correlations.
A 4-channel electrocardio scope displays EKG traces in parallel.

Cabling and umbilical equipment.- Cabling and umbilical GSE consists of
the many electrical cables used to carry electrical power and test input sig-
nals between checkout, operating and servicing GSE and the entry vehicle
system. Also includes electrical junction boxes, the umbilical disconnect
set at the entry vehicle interface, and an umbilical cable tester used to per-
form the pre-launch checkout of umbilical signal paths from the entry vehicle
to GSE and provides calibration of the GSE monitoring circuits.
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Ground handling and transportation GSE. - The entry vehicle ground
handling and transportation GSE includes all dollies, slings, adapters and
tow bars used for ground transportation. Entry vehicle and adapter covers,
and special handling kit are included. Personnel protective clothing, crew
egress pad, cockpit sill and canopy guards, and cockpit entry ladders com-
prise some of the handling GSE. Also, maintenance platforms, entry vehicle
to B-52 launch adapter, entry vehicle support assemblies, and landing gear
damper test fixture are included.

Aerodynamic controls GSE.- Control surface systems GSE consists of
control surface protractors used to check deflection angles of the entry ve-
hicle control surfaces, a hydraulic servicing unit, and a control surface elec-
tric simulator which is an electronic rack containing panel displays which
simulate entry vehicle control surface movement upon receipt of a signal
from the entry vehicle. Tables 20 through 35 show detail initial GSE require-
ments and usage. Indication is shown were selected end items are similar
to existing GSE used on other programs. If this existing equipment can be
made available as GFP to this program, it can be refurbished or modified
to suit, and used with a possible substantial cost and time saving to the pro-
gram.

The total GSE shown is equivalent to three complete sets.

TABLE 20

PROPULSION SYSTEM GSE REQUIREMENTS

*Checkout unit, propulsion system

*Checkout adapter kits, propulsion

*Component console, propulsion

*Checkout kit, adapter

*Metering unit, H202

*Servicing unit, 02/GN 2

*Pressurization unit, nitrogen

Propulsion system control and monitor

Drain tank, H202, 50 gal

GSE adapter kit and panels

H202 temperature conditioning unit

Units required

Launch Site

Factory

2

2

2

2

1

2

1

2

1

1

1

KSC Complex

I
I

I

I

I

I

I

I

I
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TABLE 21

COMMUNICATIONS SYSTEM GSE REQUIREMENTS

Test bench, hf and audio

Test bench, "S" and "C" beacons

Test stations, entry vehicle communications

Test bench, entry vehicle beacons

Test set, transponder

*Mobile antenna tester

*C-band beacon checkout and monitor

* Frequency monitor

*C- and S-band beacon interrogator
*Communications recorder and test set

*Antenna rotation

*RF monitor

*UHF command checkout and monitor

Adapter unit, interface

Console, astronaut communications

S-band telemetry checkout and monitor set
Command buffer

* Similar to Gemini spacecraft AGE

Units required

Launch site

Factory KSC Complex

2
2

2 1

2

1
1
I

1 1
I

1 1
1
1 1
I 1

1

1 1
1

Landing

site

1

1 1

1 1

1

1 1

1

1 1

1 1

1

1 1

1 1

1

TABLE 22

GUIDANCE AND CONTROL SYSTEM GSE REQUIREMENTS

Units required

*Test console, computer systems

*Computer data recording system
*Recorder assembly, guidance control
*Test console, platform, inertial unit
*Test console and simulator
* Attitude indicator

*Test console, inertial measuring unit

Test unit, computer analog outpu_

Test unit, autopilot

Autopilot simulator unit

Test unit, backup guidance system

Logic unit, switching

Automatic landing aid

Factory

* Similar to Gemini spacecraft AGE

Launch site

KSC Complex
Landing

site
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TABLE 23

ELECTRICAL POWER SYSTEM GSE REQUIREMENTS

*External power system, control and monitor
*Power supply control rack, DC
*Battery rack, DC power backup
*Power supply test, entry vehicle
*Battery rack, external power control
*Console assembly, power and control monitor

Battery servicing kit

* Similar to Gemini spacecraft AGE

Units required

Launch site

Factory

2 1
2
1
2 1
1
2 1
2 1

KSC Complex

TABLE 24

AERODYNAMIC CONTROLS SYSTEM GSE REQUIREMENTS

Units required

Launch site

Factory KSC Complex

Protractors, control surface
Hydraulic servicing unit
Simulator, control surface, elect

Kit, ground handling and protective
GSE adapter kit, interface

1 *

1
i*
1
1
1

*Share one unit

I

I

I

I
i

I !

I

I

I

I

I

I

I

94

OQ

000

OOQ

ER 14471- 5
oe ool oQ• :-. • • .... . .. • ... :.
: : :- :. : "': .- . : :. " :. . :
... ... • .. :: :"#• 0## • • • •# •# • #le 0• #

I
i

I

I

I

I

I



I
!

I
I

!

I

!

OBO
00Q

O00

OO0 i:_ii:....""...."..-."".".."'"".:i:i"!ii:..'.• i:_

TABLE 2 5

TELEMETRY AND INSTRUMENTATION SYSTEM GSE REQUIREMENTS

Units required

Launch site

Factory KSC

* Ground station PCM telemetry
* Console assembly, telemetry control
* Decommutator, PCM telemetry
* Telemetry magnetic tape recorder
* Printer, digital

Test set, entry vehicle instrumentation

Calibration chamber, CO 2 PP transducer

Simulator, entry module
* Display system, countdown
* Power supply, telemetry remote unit

Telemetry receiver, S-band
Antenna and coupling equipment
Logic switching unit

1
1
1
2
1
1 1
1

1
1 1
1
2
2
1

Complex

1
1
1
2
1
1

i

I
I
I

I

Fixture, functional, test ejection seat
Installation assembly, ejection seat

Note: One ejection seat will be installed on air-launch flight vehicles
only (2).

* Similar to Gemini spacecraft AGE

TABLE 26

PILOT ESCAPE SYSTEM GSE REQUIREMENTS

Units required

Launch site

Factory KSC Complex

1
1

I

!
I

TABLE 2 7

PARACHUTE RECOVERY SYSTEM GSE REQUIREMENTS

Units required

Launch site

Recovery sequence checker
Recovery system simulator

Factory KSC Complex

i

i
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TABLE 28

PYROTECHNIC SYSTEM GSE REQUIREMENTS

* Tester, portable pyrotechnic
*Kit assembly, tester pyrotechnic continuity
* Squib simulator, portable

Work stand, abort/separation rockets
Fixture, flexible linear shaped charges
GSE adapter kit and panels
Shield assembly, entry module/adapter

* Similar to Gemini spacecraft AGE

Units required

Launch site

Factory KSC Complex

I

I
I
I

I
I

TABLE 29

WEIGHT, BALANCE AND ALIGNMENT SYSTEM GSE REQUIREMENTS

Fixture, weight and balance
Kit, adapter, c.g. locating fixture
Fixture, alignment, entry vehicle
Kit, holding fixtures
Fixture, alignment, platform
Tool kit- optical alignment

Units required

Factory

Launch site

KSC

1
1
1
1
1
1

Complex

TABLE 30

CREW TRANSFER GSE REQUIREMENTS

Trailer van, crew transfer

Factory

Units required

Launch site

KSC Complex
Landing

site
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TABLE 31

SEQUENTIAL SYSTEMS GSE REQUIREMENTS

* Console, sequence control monitor

* Recorder, entry vehicle sequence
*Console, sequential testing

Simulator, crewman checkout //_

Tester assembly, control relay panel

Simulator, booster/entry vehicle
Simulator, entry vehicle/booster

I Console, system test conductor
Simulator, entry vehicle/adapter
Logic unit, switching

Units required

Launch site

Factory

1 1

1 1
1 1

1
1

1

1
1

1

KSC Complex

1
1

1
1

1A
1

1

* Similar to Gemini spacecraft AGE

Notes: A Required for unmanned flights only.

//_ Used at launch vehicle vendor factory.

//_ Used at launch vehicle complex facilities.

TABLE 32

ENVIRONMENTAL CONTROL SYSTEM GSE REQUIREMENTS

I
I

I

I
I
I

I
I

*Cart, gaseous oxygen

* Panel assembly, GOX high pressure

* Servicing unit, entry vehicle coolant
ECS component test bench, low pressure
ECS component test bench, high pressure

* Cooling unit ground prelaunch
* Servicing unit, water
* ECS checkout console

* Cabin leak detector

Coolant component test bench

Dolly, ECS package transfer

* Sampling kit, 02 high pressure

Terminal box, gas (02)
LOX control console

LOX control box

t* High vacuum maintenance unit

* LOX servicing unit

GSE adapter kit and hoses

Air conditioning ducting

Fixture, installation, ECS package

Units required

Launch site

Factory KSC

2 1

2 1

2 1
1 1
1 1

2
1
2

2 1

1 1
1 1

1

1

1
1
1 1

1

2 1

1
1 1

Complex

* Similar to Gemini spacecraft AGE
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AEROMEDICAL SYSTEM GSE REQUIREMENTS

aeromedical monitor and record

Units required

Factory

Launch site

_ Complex1

TABLE 34

HL-10 CABLING GSE REQUIREMENTS

Units required

I Signal cable set

Power cable set

Electrical junction box (2)
Umbilical disconnect set

Umbilical cable tester

Factory

sPartial cable set

Launch site

Complex

1

1

1

1

1

TABLE 35

GROUND HANDLING AND TRANSPORTATION SYSTEM GSE REQUIREMENTS

Dollies, entry vehicle transportation (3)

Dolly, adapter

Kit, slings, adapters, handling lines
Tow bar, entry vehicle

Kit, special handling equipment

Cover, entry vehicle

Cover, adapter

Protective clothing, toxic gas, personnel

Egress pad, hot cockpit, crew

Maintenance platform set, vertical position

Launch adapter, B-52/entry vehicle

Cockpit sill guard, entry vehicle, portable

Canopy guard, entry vehicle, portable

Support assemblies, MST, entry vehicle

Ladder, cabin entry (launch configuration)

Ladder, cabin entry (horizontal position)
Dollies, heat shield

Mobile rack, entry vehicle equipment doors

Yoke assembly, vertical hoist, entry vehicle

Test fixture, landing gear damper

I Post-recovery kit

[Recovered vehicle shipping equipment

Units required

Factory

4 sets

3
3

4

3

3

3

Launch site

KSC
Landing

Complex site

1

1

1

1
1

4
2

1

2

1.

1_ 1

1

1
1

1

1

1

4

8

*Shared
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3. Final Definition Phase

The primary objective of this phase will be to define, to the level possible,
the final equipment and facilities required to support the preparation, cheek-

out, launch operations and recovery for the entry vehicle. To establish these
requirements, the following approach will be pursued: determine test re-

quirements for all entry vehicle subsystems; define the preliminary test plans
and concepts to be followed in implementing these requirements; and establish

the facilities and equipment requirements as dictated by the test requirements,
plans and concepts.

The equipment defined in this manner will be the GSE tree, which includes
all checkout, auxiliary, handling, and servicing gear. The final task will then
be to define the equipment concepts which are preliminary to establishing the
basic philosophy and approaches to be followed in the detail design phase.

4. Development Philosophy

The proposed design for the entry vehicle GSE is based upon the utiliza-
tion of existing equipment as applicable, and the application of current design
techniques, and is tempered by the fact that the equipment is program-
peculiar and is used on a small number of vehicles. Therefore, it should
not be over-designed to obtain sophistication or general purpose status.

Emphasis will be placed on the sequential design of end items so that the
total system can be developed in a building block manner.

5. Development Tasks

The tasks required to develop the GSE are the continuation of the work

begun in the final definition phase and the additional tasks associated with

implementing the detail equipment design. The major tasks are detailed
below.

Test requirements and plans.- These two tasks establish the basic and

detail requirements for the GSE. Each entry vehicle functional system and
subsystem is analyzed in detail to determine the tests and test tolerances to

be used in the functional testing to verify operation within design limits and
flight readiness. The test plans describe the overall sequence of test opera-
tions from factory assembly and checkout through preparations at KSC to the

launch pad. Both of these efforts require continual updating to reflect changes
made in the course of design.

System design requirements and block diagrams.- The requirements
generated in the preceding section are folded into the basic ACE system, and
the requirements for the entry vehicle adaptive equipment are identified along
with the attendant component, auxiliary, handling, and servicing equipment.
Superimposed on these requirements for equipment design are the system de-
sign considerations which typically consist of dynamic and static self-test
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capability, power distribution, grounding, manual input and override pro-

visions, interlocking and safety features, etc. Equipped with this integrated

set of requirements, the system is block diagrammed to identify the functional
end items necessary to satisfy the total system design.

End item design requirements. - This task consists of the preparation of
detail design requirements for each item of GSE to the level which permits
the detail designer to implement the equipment. The requirements include

description of operation, block diagrams, interface definition and detail

performance requirements.

Facilities design requirements.- This task requires the preparation of
deta-fled design criteria for all the facilities modifications required at the
launch site.

Operating concepts, operation and test procedures.- The purpose of this
task is to document the detailed operation of each end item of GSE and to

describe the total system operation. The role of each end item in all modes
of operation, such as automatic, semi-automatic, manual, emergency over-
rides, and so forth, will be explained.

Cable installation design requirements.- This task involves the prepara-
tion of electrical cable design and installation requirements to support the
GSE at the various checkout locations.

Transportation and handling. - This task will consist of defining the mode

of transportation and handling of the entry vehicle during shipping and drop

test operations. It involves preparation of installation designs of entry

vehicle on-ground and air transporters.

6. Problem Areas

In the past, the development of GSE has been a problem because design
cannot commence until the system to be tested or serviced has progressed
toward the final configuration; and yet, the GSE must be designed, fabricated
tested and certified in time to check out the system at the end of the manu-

facturing phase. The development plan submitted here does not offer a total
solution to this problem, but it does provide an optimum approach by using
previously developed equipment (ACE, etc. ), early generation of preliminary

test and equipment requirements (FDP), and the sequential release of design
drawings to implement a building block technique.
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V. INTERFACE REQUIREMENTS

A. DEFINITION OF INTERFACE FOR STUDY

The recognition of organization, physical, and software interfaces is con-
sidered to be an important element in this study because of the effect on pro-
gram operations and cost. Final interfaces will be developed and documented
into an acceptable functional plan during the development period of the program,
and will be implemented during subsequent phases. Organizational interfaces
are those approved management and technical functions performed by each
agency assigned to this program. Physical interfaces include hardware con-
nections between GSE and facilities; entry vehicle to GSE structural, me-
chanical and electrical connections; entry vehicle to adapter, and entry ve-
hicle to launch vehicle connections. Software interfaces support the RF ground
links to the entry vehicle during flight. A summary of hardware and software
interface requirements is shown in figure 75.

B. ENTRY VEHICLE TO GROUND SUPPORT EQUIPMENT

Entry vehicle to GSE interfaces include all those GSE connections to the

entry vehicle which are associated with handling, checkout, and servicing of
the entry vehicle. These interfaces will be performed at the factory and at the
launch site. Only handling and servicing interfaces will take place at the
landing site.

C. ENTRY VEHICLE TO LAUNCH VEHICLE

Both mechanical and electrical interfaces will exist at the mating plane of
the entry vehicle and launch vehicle. To transmit launch loads from the entry
vehicle to launch vehicle adapters, mechanical fasteners will be used to ef-
fect the splice. A mechanical automatic entry vehicle alignment feature will
be incorporated at the mating plane. Electrical mating of the entry vehicle
to launch vehicle signaling system will also occur at the mating plane. Elec-
trical power and signal GSE umbilical connections will interface at the launch
vehicle adapter, and also at the entry vehicle to launch vehicle separation
plane.

D. ENTRY VEHICLE TO RETRO ADAPTER SECTION

Electrical power, signal and grounding cables which interfaced at the
entry vehicle to launch vehicle mating plane will also interface at the entry
vehicle to retro adapter mating surfaces. In addition, the electrical cables
and plumbing lines routed from the entry vehicle to the retrorockets will be
interfaced at the separation plane. These interfaces, along with the mechanical
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interfaces, will demate upon separation of the retro adapter from the entry

vehicle in orbital flight.

E. ENTRY VEHICLE TO GROUND LINKS (RF)

The entry vehicle will be in contact with selected ground stations at all
times via telecommunications and radar tracking. The interfaces involved

with the contacts include vhf/hf voice communications; ground to entry vehicle

S-band telemetry link; uhf command link and C-band tracking link. Also in-
cluded is a rescue beacon link from the entry vehicle to search vehicles on
the surface.
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Vl. CREW TASK ANALYSIS

A. ANALYSIS APPROACH

Two entry vehicle resources were considered in the research effectiveness
and cost tradeoff study. These resources are the weight available to carry re-
search task equipment and crew available to do research tasks in flight. Crew
participation available for research is defined as the number of crew carried
less the manpower required to operate the entry vehicle with no experiments
aboard. Since the flight, from launch to landing, requires varying levels of
crew participation, the total time was separated into 12 segments varying
from 90 minutes duration to 2 minutes depending on the criticality of the event.
Detail crew functions were established during each of these segments using
the sequence of events data from table 8. This was first done for the basic
crew tasks required to fly the entry vehicle with no experiments and then fol-
lowed by crew function analysis for each experiment. Crew participation
values were expressed as crew utilization ratios, that is, the percentage of
a crew member required to perform a given function within a given time seg-
ment as an average. For example, a crew utilization ratio of 0. 5 during an
interval of 5 minutes represents 2. 5 man-minutes of effort at an average
level of 50 percent of a man' s capacity to do experimental flight tasks.

B. CREW SKILLS

The general approach to crew task loading is shown in figure 76 in which
activity levels of tasks were determined from research task description in the
framework of the mission and the time spans determined from the flight pro-
file and time sequences. Final output is the total research mission description
and crew size required for a given set of research tasks.

Crew skills considered for basic and research flight tasks are as follows:

(I) Experimental pilot

(2) Research flight test engineer

(3) Orbital and entry navigation

(4) Biomedical research.

Because of the short mission time and relatively low entry decelerations,
biomedical crew tasks are not critical. Orbital and entry navigation are
closely associated with the pilot' s entry flight tasks. Therefore, only two
crew skills were selected: (1) experimental pilot and (2) research flight test
engineer. It is assumed that crews will be cross-trained in these two skills.
Vehicles of one-man size will, of course, carry a pilot. Larger vehicles
will carry a pilot plus the balance of crew stations filled by research flight
test engineers.
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C. BASIC FLIGHT CREW TASKS

Basic flight crew utilization never exceeds one man launch and orbit tasks

utilize 0.5 man while a peak of 0.9 man is reached in the interval between

280 000 feet (85.4 km) altitude and pullout. Full utilization of the pilot is

estimated during the interval between Mach 2 and landing. A summary of
crew functions and crew utilization ratios is shown for basic tasks in the

bottom of table 36. Each crew utilization ratio was determined by a more
detailed breakdown of crew activities within a given flight interval. Figure 77
shows a detailed breakdown for the interval between 400 000 feet (122 km) and
280 000 feet (85.4 km) altitude, 180 seconds.

I

!
I

D. RESEARCH TASK CREW REQUIREMENTS

Because crew utilization in research tasks had a very strong influence on
vehicle size, it was considered important to establish a criterion for de-
termining crew requirements. Crew requirements to monitor research data

in flight was considered only when some decision resulting from these observa-

tions could enhance the results or improve experiment success. Automation
in experiment operation and data collection is utilized wherever possible.

Crew utilization ratios were determined by methods described in subsection C.

above. Crew activities for research tasks included: instrument monitoring,
experiment termination and switchover decision-making, operation experi-
ment equipment, entry vehicle controlling, experiment pre-entry checkout
and status reporting to pilot or MCC. Each of the 52 research tasks were
examined for crew participation. Summarized results are shown in table 36.

Note that 27 out of the 52 research tasks require crew participation. In
general, the peak crew activity level occurs from 280 000 feet (85.4 kin) al-
titude down to the point where Mach 6 is reached, If all 27 experiments re-

quiring crew activity were loaded on the same flight, a crew of 5 would be
required during the interval from 280 000 feet (85.4 km) altitude to pullout.

It is shown in Part VI, that only a fraction of these 27 experiments areactu-
ally loaded on any one flight.

I

I

I
I

I
I

E. PROBLEM AREAS

Further depth of detail in analysis requires extensive analysis and eval-
uation with flight simulators for complete validation of each crew function
when integrated with the entire mission. It is recognized that crew utiliz-
ation during research flights has a critical effect on size selection and that

this study is limited to best estimates of each crew function segment. It is
recommended that further effort be initiated to experimentally obtain crew
utilization factors through real time flight simulators using a full scale crew
station simulator.

I
I

I
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VII. PROGRAM DEVELOPMENT PLANS--D/3 RESEARCH
VEHICLE AND PROGRAM

In addition to entry vehicle and subsystem weight data, a major source of

costing input data is the program development plan. This plan, encompass-
ing schedules, vehicles and hardware to be procured and facility requirements,

is derived directly from the baseline development plan in Section III of this
volume. This baseline plan is required to be modified only by the following
items:

(i) Ejection seat development and testing must be deleted, retaining
the main recovery parachute system.

(2) Adjustments must be made for the slightly longer development time
for the 3-crew station systems: displays, controls and EC/LS in-
stallation.

(3) Water recovery egress tests are required for the D/3 vehicle.

A. RESEARCH TASK PLANNING

Although the research experiments are not directly costed in this study,
allowance has been made for final research definition, research equipment

procurement, and experiment integration. This includes adequate schedul-

ing during refurbishment of the entry vehicle for reconfiguring to meet
the requirements of the experiment plan. Eight of the 51 research tasks

require long lead times in development of the experimental equipment.
Table 37 lists these research tasks. Hypersonic guidance, digital flight
control mechanization and landing assist (go-around capability) experiments

are the most critical with regard to lead time. These tasks require in-
itiation of development before the final definition phase is completed.

B. SCHEDULES

Schedule pacing for the overall research program is termed "normal" with

the following characteristics:

(i) Medium priority on procurement of components and materials,

Range support and facility allocation.

(2) Single shift operations at factory except for special or extended

period tests or fabrication processes.

(3) Multiple shift operations at the launch complex as required to

support the integrated launch vehicle-entry vehicle launch pre-

parations and countdown.

(4) Crew safety goals are to be achieved by design analysis and
quality assurance disciplines with demonstration by tests of

proper statistical design.
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(5) Mission reliability goals are to be achieved by design analysis

and quality assurance disciplines with readiness demonstration

through qualification and environmental acceptance tests.

(6) Time spans planned to complete any work breakdown item are

considered to be means of the probability distribution.

The baseline schedules shown in figures 63 and 64 have been modified by

the changes cited above. Since the baseline plan was for 11 flights and is only

slightly modified, the selected program schedules may also be obtained from

figures 63 and 64.

C. HARDWARE UTILIZATION

Component, subsystem and complete entry vehicles required for testing,
unmanned and manned flights have an important influence on total program

costs. The entry vehicle hardware utilization chart, table 10, was develop-

ed to provide data on any entry vehicle size and flight plan. For the selected
D/3 vehicle and 1 1-flight program, hardware utilization is obtained by letting
n = 11 and using vehicle size C.

D. REFURBISHMENT

Refurbishment and turnaround of the D/3 vehicle for the l1-flight plan may

be extracted from the baseline plan discussed in Section Ill. The D/3 vehicle

will require removal and replacement of the main and extraction parachutes

(the smaller vehicles with ejection seats have ordnance and seat parachutes

replaced). Crew emergency recovery is the only major difference in refur-

bishment due to vehicle size. The turnaround cycle span time is unchanged

from the baseline plan. The recycle plan for the 11-flight program is shown

in figure 78. Note that two different entry vehicles are reflown twice and are

given three postflight evaluations. The vehicle is reflown once and evaluated

twice. These other vehicles, while not reflown, are evaluated after the flight

and therefore provide valuable data as to the capability to be reflown.
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VIII. MISSION RELIABILITY AND CREW SAFETY

A. SUMMARY AND APPROACH

Two principal requirements determine the form and scope of reliability
analysis for the HL-10. These are mission reliability, for which overall

reliability and contribution of each subsystem are required, and safety
analysis for which certain failure modes are identified. For crew safety
analysis, failures are classified into three modes: (i) those that have no

safety effect (usually those affecting mission objectives only); (2) those re-
quiring emergency action; and (3) those causing catastrophe or loss of crew.

Early in the program a mission success goal of 0. 95 and a crew safety

goal of 0. 995 were established. Based on the latest subsystem designs the
final reliability analysis shows both vehicle success and safety goals were
met. Figure 79 presents the results of the mission success analysis. While

all subsystems did not meet their initial reliability allocation, it is seen that

the overall success probability of 0. 972 exceeds the 0.95 goal.

The crew safety analysis, considering the time periods of boost, orbit,
and terminal phases, has resulted in an estimate of 0. 99539 versus the 0. 995
goal.

B. MISSION RELIABILITY ANALYSIS

i. Assessment

The basic premise of the following analysis is that the entry vehicle is

comprised of a number of individual subsystems arranged in a manner such
that the product of the subsystem probabilities is equivalent to the overall

vehicle success probability. Each subsystem has been analyzed to account

for its redundancies, and the basic elements of each subsystem were arranged
into reliability logic diagrams according to their function. From these dia-

grams, equations defining the probability of successful operation were de-
rived. Utilizing component reliability data the probabilities of success for

the boost, orbit, and terminal phases were computed. From these compu-
tations, the overall entry vehicle success probability was calculated.

Following is a brief description of each subsystem and the reliability

considerations which led to the development of the logic diagrams.

Navigation and guidance subsystem. - This subsystem consists of two in-

dependently parallel sets of inertial guidance units and computer programmers.

Each guidance system is supplied data from a common pair of redundant hori-

zon scanners. This system in an emergency can be backed up by ground

tracking and communications. This backup is not considered for mission re-

liability (which assumes an emergency terminates a mission). Its availability,

however, reduces to a negligible value the contribution of the guidance system' s

failure probability to crew safety. Figure 80 presents the logic diagram and
derived probability of success equation.
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Structure and heat shield. - The level of effort for the reliability analysis
prevented a detailed study of these components. However, the data from the

structural analyses of the Gemini Launch Vehicle and the reliability analyses
done on the PRIME program indicated that the goal of 0.99 could be met.

Reaction control subsystem. - The RCS is a positive expulsion, pressure

fed, monopropellent subsystem. Pressure control is normally by automatic
regulation but has a "bang-bang" backup in the event of regulator failure.

This system receives control signals for each of the three pairs of control
motors from three redundant channels of the electronic flight control system.
In each case, the third channel provides a comparison or "voting" function,

so that if the primary signal fails to compare, control will be switched to the

secondary channel. The logic diagram and equation are shown in figure 81.

Control actuation subsystem. - Redundant control signals from the electronic

flight controller supply hydraulic servovalves and a transfer and voting valve.

Signal selection upstream of the voting valve is similar to the RCS signal

selection described above. The primary and secondary channels supply the two

sections of tandem actuators, with redundant hydraulic power supplies for the

sections. Thus, this system is completely redundant (except for low probability

common failure modes of the tandem actuators). The logic diagram and equa-

tion are shown in figure 82.

Electrical subsystem.- Two independent power circuits are used, the elec-
trical flight control power (high current) bus and the electrical-electronic

(low current) bus. The latter is powered by four batteries (i reserve) during
boost and orbit and by two (i reserve) during entry. The former is powered by

seven batteries (two reserve) during boost and entry. The logic diagram and
equation are shown in figure 83.

Environmental control/life support subsystem. - This subsystem affords an

oxygen atmosphere for the crew, supplies coolant for environmentally protect-

ed equipment, and serves to filter and purify the cabin atmosphere.

Although this system is designed with considerable redundancy for crew
safety, very little is applicable to mission reliability, since the mission would

be terminated as a result of most failures, even though a backup is still avail-
able. The logic diagram and equation are shown in figure 84.

Communication_ tracking_ and telemetry subsystem. - This subsystem

consists of redundant C-band transponders for tracking, vhf and hf voice com-

munications, and two transmitters, a playback recorder and transmitter for

mission data. The logic diagram and equation are shown in figure 85.

Landing subsystem. - This subsystem consists of three wheel-skid assem-

blies and associated deployment gear. This system is not redundant but a

safe (crew survival) landing is assumed if the nose gear should fail to extend

or collapse on touchdown. This feature is considered in the crew safety

analysis but not for mission success. The logic diagram and equation are

shown in figure 86.
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Abort and deorbit subsystems: The abort subsystem consists of two solid

bottles located on the adapter section of the entry vehicle. The bottles are

carried into orbit with the entry vehicle. These units afford a manual backup
to the two redundant solid deorbit motors. The logic diagram and equation
are shown in figure 87.

The results of the reliability assessment are presented in table 38. Each
subsystem has been analyzed fpr the boost, orbit, and terminal phase. The
overall entry vehicle reliability is taken as the product of the individual sub-
system reliabilities and is estimated as 0. 97275. Table 39 lists the baseline

mission features used for the analysis. Table 40 is a listing of the failure
rate and probability data and sources used for the assessment.

I

I

I

C. APPORTIONMENT

I. Technique

An overall mission success value of 95 percent has been established as a

design goal for the HL-10 entry vehicle subsystems. Based on a preliminary
reliability assessment of the typical subsystems, this overall goal has been

broken down by subsystem and phase. The three phases chosen for analysis
were the boost phase, orbit phase, and entry phase.

The baseline mission has been divided into:

(I) Boost phase--from liftoff to orbit insertion.

I o
I

I

I

I

I

!

(2) Orbit--from insertion to retrofire.

(3) Entry--from retrofire to touchdown.

Times for these phases were obtained from the Titan lll-C burn time, 3-
revolution missions, and entry from an 80/200-nautical mile (148/370 kin) orbit.

A reliability block diagram for each subsystem considered was then derived.

Not all components of a subsystem are operative during all three phases. The

sophistication of computing conditional probabilities during these nonoperative
periods was not considered. Only the operating failure rates were used.

Using the appropriate values from tables 39 and 40, an assessment of each

subsystem was made for each of the three phases of operation. The subsystem

estimates were then combined in series to represent the system estimate, i.e.,

Rtota I = R 1 xR 2 xR 3. . . x R for n subsystemsn

taking logarithms

log Rtota 1 = log R 1 + log R 2 +... log Rn or Rtota 1 = antilog

.........li+..: ...l.._"._i-! i : .:::
•.: :: :-.... ... ...

OO IO O0 eO • • • 000 O0

-:.
000

000
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Subsystem

Electrical

Navigation

and guidance

Electronic

flight
control

Reaction
e ontr ol

Control

actuation

EC / LS

..:..::.-::.........:....-:..:
:.i.:i!"!".:_kL_.i ..:.:":.i

FAILURE RATES FOR COMPONENTS

Component name

Battery
Relay

Horizon scanner

Primary unit

Secondary unit

Gyros

RC electronics
CA electronics

N 2 tank

Burst disc

Squid valve
Filter

Failu re

rate x 106

or*

reliability

217
30

73.8
500

333

6.5

53.7

9.1

0.999999*

0.9999*
0.9999*

0.999997*

Reference

5 and 9
9

10

I0

i0

Heat exchanger
Pressure switch

Pressure regulator
Solenoid valve

H 2 tank

Lines and fittings

Hydraulic power
T ransfe r valve

Actuator

Hydraulic servo

Tank

Heater and controls

Valve

Shutoff valve

Pressure valve

Heat exchanger

Compressor
Reservoir
Inve rte r

Fan
Odor absorber

Pump
Cold plates

1

1
2.14
Ii

0.35

(negl)

1411

16.5
51.5

7.4

1

0.01

0. i

10

20

1

20

1

40

0. I

1

20

1

1

(est)

4

3

2

3

(est)
9

(est)

1

2

1

1

1

1

1

1

4

i

1

i

1

O0

go•

OOO

C omponent

type

E

EM

E

E

E

EM

E

E

M

M

M
M

M
EM

M

M

EM
M

EM
EM

M

E
M

M
M
M
EM

M
E

EM

M
EM
M

I

i
l

I
i

I
i

i
i

i
i

i
i
i
i

E Electrical

:::
•go
•oo

M : Mechanical EM = Electromechanical

oo • o• • • o• go•• -i:: .'" !'! :- .'i'.. i'. i':
• . . • . . ...... ... . . . .............."
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Subsystem

Landing

Communica-

tions and

telemetry

Deorbit

Recovery

Component name

Gas generator
Actuator
Shock strut

Wheel assembly
Jettison unit
Mortar
Chute

T ransponde r
Coax switch

Command system
Vhf transceiver
Hf transceiver

Diplexer

T riplexe r
Transmitter

Recorder 1

Failure

rate x 106

or

reliability *

0.9999*
0.9999*

0.11
0.9995*

0.997*
0.9998*
0.999*

Relay

Squib

Ignite r
Motor

Primacord
Canister

Pilot chute
Mortar
Main chute

235

0. 9998*

35.5

22.5

10.6

13.5

13.5

173.4

156

0.999996*

0.9999*

0.99999*

0.9967*

Reference

2
2
2

2

2
2
2

0.99997*

0.9999

0.9990

0.9998

0.9960

9

2

(est)

ii

3
2

2
2

2

Component

type

EM
M

M

M
M

EM
M

E

EM
E
E

E
E

E

E
EM

EM
EM

EM
M

M
M

M
EM
M

I

I
!

I
!
!
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TABLE 39

Kop FACTORS

Baseline mission parameters

Orbit: 80 to 200 n. mi (144 to 360 krn) (35. 7 ° inclination)

Period: 89.43 rain.

Deorbit: T-0 + 229 rain.

Deorbit velocity: 130 fps (39.7 m/sec)

Time, retrofire to 400 000 feet (122 kin): 28 rain.

Time, 400 000 to 0 feet (122 to 0 kin): 27 rain.

Kop factors for failure rates

Phase

Equipment type Boost Orbit Entry

Mechanical 500 1 100

Electromechanical i00 1 20

Electronic 15 1 3

Phase time (hr) 0. 1156 4. 5 1

"'i
O•O
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Doing this for each phase, the overall mission success goal is expressed
as:

Rmission success = Rboost Rorbit Rentry

or

+ log R .log Rms = log R b + log R ° e

Divide by log R b and solve for the log R b goal:

log Rbgoal = log Rms/[1 + log Ro/log R b + log Re/log RbJ -

The log Ro/log R b and log R e/log R b ratios are known from the assess-

ment so that once log R b is determined, these ratios can be used to get
goal

log R and log R .
°goal egoal

This analysis results in three goals: for the boost, orbit and entry phases.

In a similar manner, each phase is made up of the individual subsystems.

= x x . . . x R for n subsystems.
Rboost Rlboos t R2boos t R3boos t nboos t

Taking logarithms, dividing by log R , and solving for log R
nboost nboost

goal
/ r.

log R = log Rb°°stg°al i/L" l(l°g + log +nboostgoa 1 Rlboost R2boos t
I

I
0

Using the ratios of log R 1/log Rn,

reliability goals.

etc., solve for the remaining subsystem

Table 41 summarizes the apportionment results by subsystem and by phase.

I

I

I

I

I

I
i

i I

l

I

I

I

I

l

l

2. Crew Safety Analysis

Crew safety is, in effect, independent of mission objectives. As the classi-

fication of failure modes indicates, failures affecting mission only are not

failures for crew safety. Thus, the reliability of several of the subsystems
is higher with respect to crew safety than with respect to mission objectives.

.oo
OO
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TABLE 41

HL- 10 BAS ELINE APPORTIONMENT

Boost Orbit

Subsystem phase phase

Structure and heat shield

Electrical power 0. 999990 0. 999990

Guidance and navigation 0. 999992 0. 989260

Reaction control 0. 999993 0. 986000

Control actuation 0. 999990 0. 999990

EC/LS 0. 999800 0. 999660

Landing 0. 999990 0. 999990

Deorbit 1.0 1.0

Total 0. 999800 0. 975000

Entry

p_h_ase

0 999990

0 991980

0 997400

0 997220

0 998670

0 999080

0 999960

0. 9844O0

Total

0.99

0. 999970

0. 981320

0. 983430

0. 99720O

0. 998130

0. 999080

0. 999960

0.95
(overall

goal)

The communications, tracking, and telemetry subsystems have no crew

safety significance except as a backup for the guidance and navigation subsys-
tem for normaldeorbit operation. The result is that failure of any of these
subsystems has negligible safety effect.

Io
I
I

I
I

I
I

The reaction control subsystem, the control actuation subsystem, and the

electrical subsystem are essential to crew safety. The reliability estimate
of these subsystems is 0. 99818, and the probability of failure is 0. 00182.

In the landing subsystem, failure of the nose wheel (unless there is also a
chute failure) would not be a crew hazard. Also, failure of the locking and

jettisoning unit is not significant for a normal landing (no overshoot). The

main wheels and associated components, assumed essential to crew safety
for horizontal (normal) landing, have a reliability of 0. 9986.

The recovery subsystem is required for emergency landing only and was
not included in mission reliability analysis. The logic diagram and equation

are shown in figure 88. A water landing is assumed, requiring two of the four
main chutes for safety, since this is expected to be achieveable for emergency.

The four chutes do, however, provide for a safe landing on hard surface.

The EC/LS is the only subsystem having failure modes requiring emergency

return. The components having this mode are the two oxygen sources and the
components associated with suit conditioning. The probability of failure of
these is 0.00198. The water source and the components associated with the

cooling system are essential to entry and their failure, the probability of which
is 0. 001 57, would prevent a successful return.

"-":'i "i :" :"" "': "': ":" "" ":"• • • • •
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The deorbit subsystem is considered especially critical since failure would
I1- ..... !!

strand the crew in orbit. As shown under Mzsszon Reliabzhty Analyszs (sub-

section B) this subsystem has multiple redundancy and extremely small prob-

ability of failure. The more significant factor for deorbit is the reaction con-
trol system which is required for orientation. The reliability estimate of this

system is 0. 99973.

Figure 89 is a block diagram of crew safety logic. The probabilities are
additive (each excludes the others). The crew hazards are as follows:

Boost hazard, PB

Boost recovery hazard, PBR

Orbit hazard, PC

Landing hazard, P LH

Entry hazard, PEH

Orbit recovery hazard, POR

Total hazard 0. 00461

Crew safety 0. 99539

0.00151

0. 00000

0. 00036

0.00139

0. 00135

0. 00000

Crew safety may also be determined by summing the safe return probabilities,

providing a check, as follows:

Safe recovery boost, RBR

Safe landing, RSL

Safe recovery, orbit, ROR

Total crew safety

O. 00142

O. 99342

O. 00055

0. 99539

The effect of failure of the booster may be evaluated in a very simple man-

ner. A failure in the latter part of boost when abort is, in most cases, not
required, actually improves crew safety since return is essentially the same

as a normal entry and the shorter time results in less probability of failure
of the essential systems. Using a conservative estimate of booster failure

requiring abort motors as 0. 0344, and a probability of failure of abort motors
as 0. 0067, the abort hazard is 0. 00023. The inclusion of this effect reduces

all the hazards previously listed by the probability of no booster failure, or
1 - 0.0344 = 0.9656. Thus the total hazard as listed becomes 0.9656 x 0.00461 =

0.00445, plus 0.00023 abort hazard, resulting in 0.00468 total hazard, and

0. 99532 total crew safety.

3. Overall Mission Success Analysis

The above computations for mission success probability are based on the
entry vehicle and adapter systems only. Utilizing Saturn IB and Titan III-C

i::.
•O
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(man-rated) reliability data obtained from NASA and the Air Force for this
study, table 42 was derived.

TABLE 42

MISSION SUCCESS PROBABILITIES INCLUDING EFFECTS OF
BOOSTER RELIABILITY

Launch vehicle Total mission success probability
reliability from liftoff to entry vehicle touchdown

0.90 0. 8755

0.97 0. 9436

ER 14471- 5 121
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RANGE 
PAD ABORT T O  9000 F T  
( 2 . 7 4  KM) 

9000 F T  ( 2 . 7 4  KM) TO 
STAGE 0 BURNOUT ( I N -  
CLUDES MAX G) 

STAGE 0 BURNOUT T O  
VR = 2 3  000 F P S  
(7.02 KM/SEC)  

VR = 2 3  000 F P S  

( 7 . 0 2  KM/SEC)  TO 
O R B I T  I N S E R T I O N  

D O R T  PROCEDURE 

F I R E  ABORT AN0 THEN D E O R B I T  MOTORS 
S E Q U E N T I A L L Y .  J E T T I S O N  ADAPTER AT 
MOTOR BURNOUT. P I T C H  TO ANGLE OF 
ATTACK FOR CL ( A L S O  L /OMAX SUB- 

TO WINGS LEVEL A T T I T U D E  AND PRO- 
CEED T O  P E R T I N E N T  RECOVERY PROCE- 
DURE. 

MAX 
SONICALLY). A T  APOGEE ROLL 180" 

~ 

SHUT DOWN BOOSTER E N G I N E S  A N 0  F I R E  
T H E  ABORT AN0 O E O R B I T  MOTORS S I M U L -  
TANEOUSLY ( I N  S A L V O ) .  J E T T I S O N  
ADAPTER A T  MOTOR BURNOUT. P I T C H  
TO ANGLE OF ATTACK FOR C A N 0  

C O N T I N U E  ENTRY T O  RECOVERY. 
LMAX 

SHUT DOWN BOOSTER E N G I N E S .  SEPA-  
R A T E  ENTRY V E H I C L E  A S  I N  NORMAL 
O R B I T  I N S E R T I O N .  P I T C H  TO AN 
I N V E R T E D  A T T I T U D E  FOR RETRO F I R E  
AND F I R E  ANY C O M B I N A T I O N  OF ABORT 
A N 0  OEORBIT MOTORS A S  NECESSARY 
TO ROUGHLY CONTROL L A N D I N G  P O I N T .  
J E T T I S O N  ADAPTER A T  MOTOR BURNOUT 
AND P I T C H  TO ANGLE OF ATTACK FOR . CONTINUE ENTRY TO RECOVERY. 
c L M A x  

~~ 

SHUT DOWN BOOSTER E N G I N E S ,  COAST A S  
NECESSARY. SEPARATE ENTRY V E H I C L E  
A S  I N  NORMAL D I R E C T I O N  BY F I R I N G  
ANY COMBINATION OF T H E  ABORT AND 
O E O R B I T  MOTORS A S  REQUIRED TO A V O I D  
AN A F R I C A  L A N D I N G ,  OR TO GO I N T O  
O R B I T .  I F  O R B I T A L  V E L O C I T Y  I S  NOT 
REACHED, P I T C H  T O  ANGLE OF ATTACK,  
A S  REQUIRED, T O  A C H I E V E  DOWNRANGE 
D I S T A N C E  TO OVERFLY A F R I C A .  J E T -  
T I S O N  ADAPTER A N 0  C O N T I N U E  ENTRY 
TO RECOVERY. I F  O R B I T  I N S E R T I O N  
I S  ATTAINED,  S E L E C T  D E S I R E 0  O E O R B I T  
P O I N T  A N 0  D E O R B I T  I N  NORMAL MANNER. 

RECOVERY PROCEDURE 

I N I T I A T E  COMPLETE V E H I C L E  
RECOVERY A N Y T I M E  AFTER 
APOGEE A L T I T U D E  A N 0  BEFOR 
1 5 0 0  F T  ( 457 M 

I N I T I A T E  COMPLETE V E H I C L E  
RECOVERY. 

SAME AS MODE 2 .  

SAME AS MODE 2 .  

FIGURF, 27. MISSION ABORT TECHNIQUES 
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FIGURE 38. SEQUENTIAL OPERATIONAL PLAN, DEORBIT FUNCTION
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FIGURE 59. B-52 CARRIER WITH HL-10, X-15 PYLON
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FIGURE 60. B-52 CARRIER WITH HL-10, NEW PYLON
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FIGURE 61. B-52 CARRIER WITH HL-10, RETRACTABLE PYLON

ooo



I
I
!
I

I
OOO

O0 Oq_ _ g _ OO0

".: ..: : .o. • .. I"4471"-5" o.. --- 173



o•

Do •o0

: "°:""'"°" " i "" "': ""
: ,- : , .. • • : .. :o.. . :.: • ...

o•0

o•0

GO AHEAD--

ENTRY VEHICLE

FINAL DEFINITION PHASE:
FUNCTIONAL PLOW

TRAJECTORIES & MISSION PROFILES
WIND TUNNEL TESTS
ENVIRONMENTAL CRITERIA
BASIC DESIGN CRITERIA

PRELIMINARY DESIGN

GSE & FACILITY REQUIREMENTS
EV SUBSYSTEMS SPECIFICATIONS
HARD MOCKUP
PROG GEN TEST, FACILITY & REL PLANS

INTERFACE DEFINITION & SPECIFICATION

ENTRY VEHICLE DESIGN & DEVELOPMENT

STRUCTURE & HEAT SHIELD
DETAIL DESIGN
MATERIAL PROCUREMENT

HEAT SHIELD DEVELOPMENT TESTS

NAVIGATION, GUIDANCE AND CONTROL
DETAIL DESIGN & COMPONENT SELECTION
COMPONENT PROCUREMENT
FABRICATION

SUBSYSTEM DEVELOPMENT TESTS

COHPONENT QUALIFICATION TESTS

AUXILIARY POWER--ELECTRICAL

DETAIL DESIGN 6 COMPONENT SELECTION
COMPONENT PROCUREMENT
FABRICATION

SUBSYSTEM DEVELOPMENT TESTS
COMPONENT QUALIFICATION TESTS

COMMUN, TRACKING & INSTRUMENTATION
DETAIL DESIGN & COMPONENT SELECTION

COMPONENT PROCUREMENT
SUBSYSTEM DEVELOPMENT TESTS
COMPONENT QUALIFICATION TESTS

ENVIRON CONTROL & LIFE SUPPORT

DETAIL DESIGN & COMPONENT SELECTION
COMPONENT PROCUREMENT
SUBSYSTEM DEVELOPMENT TESTS

COMPONENT QUALIFICATION TESTS

PROPULSION

RCS DESIGN & PROCUREMENT
RCS DEVELOPMENT & QUALIFICATION TESTS

DEORBIT/ABORT ENG, PROCUREMENT & QUAL
LANDING ASSIST ENG, PROCUREMENT & EVAL

LANDING & RECOVERY

DETAIL DESIGN & COMPONENT SELECTION
COMPONENT PROCUREMENT
FABRICATION

SUBSYSTEM DEVELOPMENT TESTS
COMPONENT QUALIFICATION TESTS

CREW STATIONS & DISPLAYS
DETAIL DESIGN & COMPONENT SELECTION
COMPONENT PROCUREMENT

SUBSYSTEM DEVELOPMENT TESTS
COMPONENT QUALIFICATION TESTS

EMERGENCY RECOVERY SUBSYSTEMS
DETAIL DESIGN & COMPONENT SELECT

COMPONENT PROCUREMENT
COMPONENT QUALIFICATION TESTS **

ENTRY VEHICLE TESTS

COMBINED SUBSYSTEMS TEST STAND

EC/LS SYSTEM TESTS--MANNED ALT CHAMBER
LANDING ASSIST ENGINE CAPTIVE TESTS
DYNAMIC LANDING GEAR SLIDE OUT TESTS
CANOPY--EJECTION SEAT TESTS*

STRUCTURAL LOAD/HEAT TESTS--ART. A
STRUCTURAL DYNAMIC TESTS--ART. B

SYSTEMS VERIFICATION/COHPT TESTS--ART. C
LANDING APPROACH FLIGHT TESTS--MOD HL-]O
B-52 DROP-GLIDE FLIGHT TESTS
B-S2 DROP-POWERED FLIGHT TESTS

WATER RECOVERY & EVACUATION TESTS
PAD ABORT TESTS--BOILER PLATE HL-)O
MAX Q ABORT TESTS--HOD LITTLE JOE II

m •
m

mmm
mmmm
m

mmum
mmmm

mmm
mmummm

mm

MONTHS AFTER AUTHORITY TO PROCEED

11 13 15 17 19 2t 23 25 27129 31 33 3s 37139
222 4 16 18 20 24 26 28 30 32 3h 36 38140

BASIC FOLLOW ON

Q rAh

_ QFAA

PVTQF
ArSAA

m

QI /

P Q F

_mm

P Q F

CHUTE DEPLOYMENT TESTS

_m

EVA LUA_mlOm_m_ T_mRAI N I NG

51 53 55 57 59

52 5_ 56 58 6o

i
* ENTRY VEHICLE SIZES A AND B WITH FULL CREW OR SIZES C, D OR E WITH CREW OF I OR D I

** ENTRY VEHICLE SIZES C, D AND E WITH CREW OF 3 OR MORE I

I
I

I

I
I

I

I
I
I

I
I

I
I

174

FIGURE 63.

i:"

HL-10 PROGRAM PLAN, SYSTEMS AND ENTRY VEHICLE

O• - _0 T_pi_l oqmmo: :.. i:. i': •
:."_..-_I_ _447_;'5 ".. o.. : :.o : :.. :." |



Dog

oeo

goD

ogo

_NTHS AFTER AUT_RITY TO PROCEED

I
l
I

I

l
i

I
I
l

I o
I

I
I

i

I

GO AHEA D--W

ENTRY VEHICLE

ENTRY VEHICLE FABRICATION & ACCEPTANCE

ENTRY VEHICLE TOOLING
DETAIL FABRICATION

ASSEMBLY AND EQUIPMENT INSTALLATION
PROCESS TESTS
ENTRY VEHICLE--GSE MATE

SUBSYSTEM TESTS
SYSTEMS ACCEPTANCE TESTS
DELIVERY TO LAUNCH SITE

ENTRY VEHICLE GSE
GSE SPECIFICATIONS
GSE DETAIL DESIGN

GSE PROCUREMENT
CHECKOUT PROCEDURES

GSE FABRICATION & ASSEMBLY
GSE ACCEPTANCE TESTS
FACTORY INSTALLATION & ACTIVATION

LAUNCH SITE GSE DELIVERED

MISSION OPERATIONS SUPPORT

MCC HISSION CONTROL PROCEDURES
HQCR #1--MODIFICATION & UTILIZATION

MSFN UTILIZATION DEFINED
MSFN PROCEDURES PREPARATION
HSFN UTILIZATION
ABORT--EMERGENCY OPERATIONS DEFINED

ABORT--EMERGENCY SUPPORT REQUIRED

LAUNCH OPERATIONS (TITAN-IIIC)
FACILITY MODIFICATION-•COMPLEX 40

GSE INSTALLATION--INDUSTRIAL AREA & C-k•
GSE CHECKOUT & CALIBRATION

LAUNCH VEHICLE CHECKOUT AT VAB
EV CHECKOUT AT MERRITT ISLAND (NASA FAC)
LV ERECTION & CHECKOUT AT COMPLEX _O

EV ERECTION, PRE-MATE & MATE
EV SUBSYSTEH CHECKOUT ON COMPLEX 40
JOINT SIM FLIGHT & COUNT_WN OE_NSTRATION
FINAL SYSTEMS & SIM FLIGHT TESTS

SERVICING & LOADING
R-1 DAY ACTIVITIES
COUNTDOWN & LAUNCH

RECOVERY OPERATIONS (EAFB-FRC)

TERM GUID & AUT0iVlATIC LAND|NG SPEC
AUTO LAND SYSTEM PROCUREMENT & DELIV (GFE)

TERM GUID GROUND SYSTEM PROC (GFE]
INSTALL & ACTIVATE TERM GUID & AUTO LDG
ACTIVATE RECOVERY SUPPORT FACILITIES
HL-IO (I MAN) PRELIMINARY DROP FLIGHTS

HL-IO PROTOTYPE DROP-GLIDE FLIGHTS
AUTO LDG SYS DEM_D WITH _-IO DROP VEHICLE
LANDING OPERATIONS

FACTORY REFURBISHHENT OPERATION
PROCESSES & PROCEDURES DEVELOPMENT
FACILITY ACTIVATION

REFURB EVALUATION WITH ]ST UNF'_NNED VEH
REFURBISHMENT CYCLES

ENTRY VEHICLES IN STORAGE INVENTORY

LAUNCH VEHICLE PROCUREMENT

PERFORMANCE REQUIREMENTS
INTERFACE SPECIFICATION
LAUNCH VEHICLE SPECIFICATION
LAUNCH VEHICLE pROCUREMENT

LAUNCH VEHICLE DELIVERY TO CAPE KENNEDY

FLIGHT RESEARCH DATA ACQUISITION
DATA ACQUISITION PLAN
DATA PROCESSING PLAN
COHPUTER PROGRAMS

DATA PROCESSING FACILITY ACTIVATION
DATA PROCESSING
DATA EVALUATION

CREW SIMULATORS
DESIGN & PROCUREMENT SPECIFICATION

PROCUREMENT & INSTALLATION
SIHULATION EVALUATION
TRAINING ACTIVIT|ES

DROP-GLIDE VEHICLE DEVELOPMENT
STRUCTURAL DESIGN
FLIGHT CONTROLS DESIGN & PROC
LANDING GEAR DESIGN & PROCUREMENT

CR_ STATIONS & SUPPLY DES & PROC
PROPULSION SPECIFICATIONS & PROCUREMENT

STRUCTURAL TESTS
PROPULSION TESTS
ELECTRICAL & MECHANICAL TESTS
FABRICATION & ASSEMBLY
GROUND TESTS

FIRST FLIGHT

FIGURE 64.

,l ,, ,5,7 _o_

i

u

m_

'ACTORY SETS_

FIELD SETS 1 I

ACT. ENGRGI

ENGRG ACTI_

m

i..

l

/

i

21 2,3 25 27 29 31133 35137l_9 _,t _,l_s 47149 51 53 55157159z2 24 26 z8 ,o 3z 34 ,6 ,e _o _2 4_ _6 1,8 so 5z 54 56 5816o

M0D EV-2-_ EV 6r MOD 5
AND HOLD/ rEV-4 FEV-5 " -

, ' ooMoo
A A_,

i i J J i n n • •

_, Ev ' Ev ' EV ' _V _AJ EV:A'IE_I!SAJ EV_'B

...........

z_ Z_ z_
No. | | NO. 3

NO. 2J No.

m
i

m
m

m

m

m

I 2m

i Ill_ll

m

Z_

NO_. 5 INo. 7 1 I No. ]I
' No. 6_ No. 8 _ /

No. 9_

No. IO'

I

HL-10 PROGRAM PLAN, OPERATIONS AND GSE

I :':
o • : •O0 eo •

ooo
•OO

ooo
•00 175



.,: .-:
•,: ":

MONTHS

INTEGRATED TEST PLAN

ENGINEER TEST AND EVALUATION

COMPONENT VERIFICATION TESTING

GYROS AND ACCELEROMETERS

ELECTRONICS

GIMBAL PLATFORM, READOUT

ELECTRONICS

SYSTEM DEVELOPMENT TESTING

TEST PROCEDURES

TEST EQUIPMENT (TWO SETS)

000

0oo
0•0

251261.2812913o

I DESIGN, FABRICATION AND CHECKOUTI I P'A_FOBMST_,8,L,ZAT>ON(DB!FT)ANONAV,_TIONTESt
ALIGNMENT TESTq -GYRO BIAS AND UPDATE TEST

CALIBRATION TECHNIQUESH F TEMPERATURE sTuDIES I
COMPUTER PROGRAM CHECKOUT- _I I-VIBRATION AND TRANSMISSION

SETuP'STABT_F HI II-MAGNET'csENsIT'v'TY
I DEVELOPMENT TEST] _I I IF -SELF TEST LOGIC TEST

SYSTEM INTEGRATION_ , _ _T_ r--REPEATABILITY STUDY

TESTING (TWO SETS) I_I I I lllllill_l

TESTBEPDRTS I I
PRELIMINARY QUALIFICATION TESTS SUBMI T FOR AP_ f-APPROVED

TEST PROCEDURES PREPARATION I_J

TESTING (ENGINEERING TEST
AND EVALUATION SYSTEM)

TEST REPORTS

QUALIFICATION TESTING

TEST PROCEDURES

TEST EQUIPMENT

TESTING

TEST REPORTS

FABRICATION AND

CHECKOUT

I
]

PREFLIGHT

ACCEPTANCE TESTING

TEST PROCEDURES

TESTING

TEST REPORTS

RELIABILITY

-TEMPERATURE-ALT ITUDE

: -VIBRATION I
r sH°cK I

I IFACCELERAT ION

T _,_ IFEXPLOS IVE,

I llll
SYSTEM MAINTAINED "IN OPER_,TION SI;ATUS --_--

UNTIL PROGRAM COMPLETION I

I _ _'IVE DAYS AFTER

FOR APPROVA_ I

SUiMl T APPROV ED--'I PREPARAT ION i

VIBRATION

-MECHANICAL SHOCK

-ACOUSTICAL NOISE

ACCELERAT ION - i -TEMPERATURE CYCLE
.THERMAL ALTITUDE

POWER TESTS. AND SHOCK

DEMONSTRATION ] F.HUMIDITY I

INSPECTION]| |ILEAKAGE

ELECTROMAGNETIC INTERFERENCE J' _J J

FUNGUS -I

SALT SPRAY _ !

SAND AND DUST- i

ON-OFF CYCLING "

I ENDURANCE-I

I I
-SUBMIT PRELIMINARY'FOR APPROVAL

PRELIMINARY APPROVED J

['-SUBMIT FINAL FOR APPROVAL_-F I NAL APPROVED

D_L i J SYSTEIMS_ FFLIG_ QUALIF
IV ERABLE T IED SYSTEMS

I I I
I

I I TESTI I _RFIVE DAYS AFTER_- TWENTY- FOUP_ HOURS I I

I
I I_TES'_ING' AN'ALYSIS AND OTHE'R RELIABILITY I

_ONS UNTIL PROGRAM COMPLETIO,N I

FIGURE 65.

176

HL-10 PROGRAM PLAN,

TESTS
@0@
@•g

@QI
•@•

NAVIGATION AND GUIDANCE SUBSYSTEMS

:.. .':
:.. : :.. :."

ER 14471-5

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



I
I

I
I

I
I

I
I

I
I
I

I

I
I

I
I
I

I

000

Qoo

• - .- : :.- : :.- .o:'. :°" .'. : .'.. .
,... . o : : . • ... ... ..
• • • D • • • • • • • • _Qoo0 Iso DQ 0O0 • I DO DO • D _ woo

TO LAUNCH
COMPLEX 40

BUILDING NO. 2

DIZER TANK CAR
STORAGE AREA

TRACK (TYPICAL)

SUBSTATION

FUEL TANK CAR
STORAGE AREA

SOLID MOTOR
ASSEMBLY BUILDING

BANANA RIVER

LAUNCH PLATFORM
REFURBISH

REFURBISHING AND
MAINTENANCE SUPPORT
BUILDIN(

WAR

VERTICAL INTEGRATION
BUILDING --

GAS STORAGE AREA

BANANA RIVER SEGMENT READ_

STORAGE BUILDING

SEGMENT RECEIPT
INSPECTION BUI

SEGMENT ARRIVAL
STORAGE AREA

BARGE UNLOADING

MOTOR INERT COMPONENT
ASSEMBLY STORAGE BUILDING

FIGURE 66. INTEGRATE--TRANSFER SECTOR OF TITAN III ITL AREA

:'i "':_ :!.:: .-,:.:"'i::_:ii_]".: .:" : .:" : .. _ 14;.71;5

ATER
BUILDING
NO. I

ACCESS
_ROAO

177



..... : -.- • .., -.. .'. • • ....,,.

:.!.:!.:"!i":.-:.i°io.i..:.:!:.! IO0

oOQ

U _
Z

b_u_ 0

O0 --

--I

_ _o

..J

o_
z._

N

Z_:

(DI--

oc

I

z_ N
--w --
_N o

Z-- 0

Ox

fi_ -
I---

o

L)
Z

5

I

I
I
l
l
l

I

l
I

I
I

I
I
I

I
I

178

_O

i'__:"_;_i-:_!: ::":.:--_''"i:_
....... . .. : :.. : :..



UUe

00Q
i::.ii:.:::i..i:i:i::!:ii:ii!: i:.:

I

I
I

I
I

I
I

I
I
I

I

I
I

I
I

I

FIGURE 68. TITAN III AND ENTRY VEHICLE ON LAUNCH PAD; MST AT EXTREME RIGHT

FIGURE 69. TRANSPORTER/THRUST MOUNT WITH TITAN IIIC ABOARD

•QO

OQO

179



! i _: : "• ..: ..... , : • . . • .; , ;- .. .. - : ......
• • • • • • •o• • °o • • •

°oom •oe • • • o• o• • • ooo o• ooo o•

LAUNCH CONTROL
CENTER

I ENTRY VEHICLE
GSE

GSE BUILDING

ON COMPLEX

I ENTRY VEHICLE

GSE VAN

NO. 3

I ENTRY VEHICLE h

GSE VAN

NO. 2

GSE ROOM

"_FXIST I
ING

ENTRY VEHICLE 1

GSE VAN

NO. I

DATA LINK

LAUNCH PAD

ENTRY VEHICLE

SERVICING

-UMBILICALS

MAST

i

i
i

ENVIRONMENT

CONTROLLED
SHELTER
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FIGURE 73.

KSC INDUSTRIAL AREA

NASA FACILITIES AT KENNEDY SPACE CENTER
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FLIGHT IOPERATIONS

RESEARCH TASKS

RESEARCH
FLIGHT

PROFILE

ACTIVITY ILEVEL OF

TASKS

• .J TIME SPAN AND I• 7SEQUENCE OF TASKS

INTEGRATEDMISSION

DESCRIPTION

CREW SIZE

AND WORK

LOAD

FIGURE 76. APPROACH TO CREW TASK LOADING

CREW ACTIVITY

ENTRY VEHICLE STATUS TO MCC VIA ENTRY TRACKING SHIP

RECEIVE MCC TRAJECTORY CONFIRMATION

READ COMMANDED DISPLAYS (CONSTANT ATTITUDE)

CONTROL ATTITUDE TO MATCH COMMANDS

SWITCH BACKUP GUIDANCE SYSTEM TO DISPLAY

COMPARE PRIMARY AND BACKUP GUIDANCE .2

DECIDE TO CONTINUE WITH PRIMARY GUIDANCE .3

MONITOR HYDRAULIC PUMP ON LIGHT .1

MONrTOR HYDRAULIC PRESSURE AND FCS .}

SENSE ACCELERATION AND MONITOR RCS .I

14ANUAL HYDRAULIC SWITCH ON IF AUTOMATIC FAILS

MONITOR COMMUNICATIONS VHF STGNAL .2

VERIFY COMMUNICATIONS DROPOUT .3

VERIFY TAPE RECORDER ON AND RECORDING .2

PERCENT

CREW

CAPACIT_

.2

.2

,3

.3

ELAPSED TIME AFTER 400 000 FT ALTrTUDE POINT (SEC)

30 60 90 120 150

I
i

i

i

HI

m mmmmmm

mR

IBm

I mm

P

r

AVERAGE CREW UTILIZATION : .2 X 30 + .2 X 20 + .3 X 150 + .3 X 150 + .2 X 40 + .3 X 20 + .I X 40 + .I × 90 +

.I X 40 + .2 X 30 + .3 X 20 + .2 X I0

= .805

180

FIGURE 77. CREW TASK UTILIZATION
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/_ = REUSED VEHICLE

FIGURE 78. RECYCLE PLAN--II FLIGHT PROGRAM
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REACTION CONTROL (INCLUDING

CONTROL ELECTRONICS)

CONTROL SYSTEM ACTUATION

(INCLUDING CONTROL ELECTRONICS)
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RELIABILITY
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RS

HORIZON I [

SCANNER

HORIZON J RSSCANNER

RpG

I PRIMARY INERTIAL _--_ PRIMARY GUIDANCE I _

I GUIDANCE UNIT COMPUTER-PROGRAMMER --

RBG

BACKUP INERTIAL H BACKUP GUIDANCE FGUIDANCE UNIT COMPUTER- PROGRAMMER

RNG = [l- (l- RS)2 ] [l- (l- RpG)(l- RBG) ]

FIGURE 80. NAVIGATION AND GUIDANCE SYSTEM, RELIABILITY BLOCK DIAGRAM

L_ TWO SQUIB

VALVES

N2 I__BURST DISC ANDI_ I
TANK RELIEF VALVE

R_ L _ TWO SQUIB
VALVES

VALVE

R S TWO FILTERS H202
TANK

SQUIB _ R F
VALVE

RS (PRIMARY PATH)

PLUMBING

RL

TWO

NONOPERATING

SQUIB VALVES

SQUIB
VALVE

R S

R S

i
R T

H CHECK H HEAT
FILTER VALVE EXCHANGER

PRESSURE H
SWITCH

Rps

PRESSURE _ SQUIB
REGULATOR VALVE

RR

PRESSURE J_ SQUIB
REGULATOR VALVE

R R

R S

R S

SQUIB
VALVE

H PLUMBING H SiX CONTROL Ii

VALVES

R S R L TWO RV] (YAW) AND I THREE AXIS II I

t [I ELECTRONIC SIX REACTION

H L_
CONTROL F _FOUR RV2 . . MOTORS

(SECONDARY PATH) (PITCH-ROLL) iI SIGNALS I

_ H t](SEEBELOW_RETWORM'_YAW)AN_RS PLUMBING SIX CONTROL FOUR RN2VALVES

(PITCH-ROLL)
RL

R S

RATE I_ COMPUTER l'_
GYRO AMPLIFIER

RG RCA

G''N H M'OVALVEH POWERFCONTROL LOGIC SUPPLY

RGC RML Rps

THREE AXIS I

ELECTRONIC
CONTROL
SIGNALS

RE = RG RCA RGC RHL Rps

,- (,-%RRRps)(,-R__,,,)]_Z'_['-('-'_)'] R,
2

RRC = Rps RMS

I FIGURE 81. REACTION CONTROL SUBSYSTEM, RELIABILITY BLOCK DIAGRAM
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I I_---_ GYRO AN• _'_l HYDRAUL _C t
SENSORS ELECTRONICS SERVO

{SEE BELOW)

I I'_--_ GYRO AND I'-_-_l HYDRAULIC
SENSORS ELECTRONICS SERVO

I _ GYRO AND _ HYDRAULICSENSORS ELECTRONICS SERVO

HYDRAULIC I

POWER SUPPLYIR P

HYDRAULIC I

POWER SUPPLY I

(SEE BELOW)

COMMON

HYDRAULICS

R C

TRANSFER AND

VOTING VALVE

t ACTUATOR

t ACTUATOR t--

Rv

I RATEH COMPUTERH GA'N H AMPL'F'ERH POWERm OYROANDIGYR0 AMPLIF IER CONTROL DEMODULATOR SUPPLY ELECTRON ICS

I '°T°R H ACCUMULAToRHCHEC"H H REL'EFm SHU'OF_t
PUMP RESERVOIR VALVE FILTER VALVE VALVE

I HYDRAULIC ___] PRESSURE

I POWER SUPPLYI" I TRANSDUCER

R 1 = (R A RTA ) 3Rp ;R 2 - (R B R M RTA) 3Rp RCA = (R I R 2 + R I (I -R2) + R 2 (I -RI))R v 3Rc3

FIGURE 82. CONTROL ACTUATION SUBSYSTEM (INCLUDING FLIGHT CONTROL

ELECTRONICS), RELIABILITY BLOCK DIAGRAM

R B

BATTERY HNO. 1

I

I

I

I

I

I

I

BATTERY

NO. 7

R R R B R B

RELAY h ._I BATTERY h H BATTERY bNO. 1 NO. 1 NO. I

FIVE OF SEVEN

REQUIRED H HIGH DRAIN bBUS

RBR = RBR R

THREE OF FOUR
REQUIRED -I LOW DRAINBUS

H RELAYk -I BATTERY}- _ BATTERYNO. 7 NO. 4 NO. 2

= 5 2
P'E RBR[RBR + 7RBR (I- RBR)+ 21(I- RBR)2]R_(4 - 3RB)[ 1- (I- RB)2 ]

FIGURE 83. ELECTRICAL SUBSYSTEM, RELIABILITY BLOCK DIAGRAM
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02 SOURCE O2 HEAT REGULATORS, VALVE

CYROGENIC EXCHANGER GAS SUIT AND CABIN VALVE

(SEE BELOW) ROC R ROX (SEE BELOW) ROG RpR RV RV

H CABIN HEAT ]___J CABIN FAN H CABIN FAN H COOLANT H SUIT
COMPRESSOR

INVERTER SOURCE ASSEMBLY

I SUIT FAN

INVERTER EXCHANGER

RI RXE RF R I (SEE BELOW) RCS (SEE BELOW) RCA

I--I h H' _"'°"°°_'"H ,hSUIT HEAT CO 2 ODOR TWO PUMP OUR FILLIVENTII COLD
A EVAPORATIVE PLATES

EXCHANGER ABSORBER UNITS V LVES HEAT EXCHANGER

RXE (SEE BELOW} RAB (SEE BELOW) Rpu RV RXC RC

[__[THREE H TWl) H20 H H2O PRES. H SECONDARY H H20 LINE FTEMPERATURE H20 VALVESCONTROL VALVES SOURCES SURIZATION VALVES

RV (SEE BELOW) Rw (SEE BELOW) Rwp (SEE BELOW) RWV (SEE BELOW) RLV

REL = ROC R ROX ROG RpR RV 9RcA RCS R I 2R F RXE 2RAB Rpu RXE RCp Rw RWp RWV RLV

H REGULATOR

02 HEATER 02 SOURCE,
TANK (REDUN) FOUR VALVES SHUTOFF VALVE CYROGENIC

PRESSURE
REGULATOR ROCR

I PRESSURE 1

REGULATOR

02 H THREE VALVESTANK

PRESSURE

REGULATOR

COMPRESSOR H CHECKVALVE 1

I H CHECK H SELECTOR [COMPRESSOR VALVE SWITCH

COOLANT PUMP VALVE

__[ CHECKVALVE
I COOLANT PUMP

L PRESSURE
REGULATOR

VALVE

I PRESSURE
REGULATOR

VALVE

i SHUTOFF VALVE

FILL/VENT
VALVE

i ABSORBER UNIT

i ABSORBER UNIT

H2O DRINKING

VALVE

-t v,,,v,.v,H ,,o,_,_I

CHECK 1 VALVE

VALVE

SHUTOFF

--I CHECK
VALVE

CHECK H H SHUTOFF VALVE IVALVE SHUTOFF VALVE (REDUNDANT)

II[ O2 SOURCE' IGAS

ROG

RCA

_COOLANT SOURCEL

RCS

PUMP UNIT ]

Rpu

H2O PRES- ISURIZATION

RWp

'i H20 SOURCE i
Rw

I SECONDARY II/ H20 VALVES
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CO 2 AND ODOR IABSORBER

RAB
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FIGURE 84. ENVIRONMENTAL CONTROL/LIFE SUPPORT SUBSYSTEM,
RELIAB]
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FIGURE 85. COMMUNICATIONS, TRACKING AND TELEMETRY, RELIABILITY

BLOCK DIAGRAM
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GENERATOR GENERATOR

DOOR

ASSEMBLY

GAS GAS

GENERATOR RA GENERATOR

I__ISHOC K STRUTI__I SKID AND I
GEAR II ASSEMBLY WHEEL I"--I

ASSEMBLY

ASSEMBLY I I

RA RSH RWll

_i__ILOCKING ANDI I H CHUTEJETTISONINGI---_ I CHUTE EJECTION

UNIT I I MORTAR I
RLj R C R M

R L =[I- (I- RG)2)]RA 2 RSH RwI(R W RSH R A [I- (I- RG)]2 RA}2 R M R c RLj

FIGURE 86. LANDING SUBSYSTEM, RELIABILITY BLOCK DIAGRAM
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LAUNCH ABORT MOTOR l_

(MANUAL FIRE)

LAUNCH ABORT MOTOR

(MANUAL FIRE)

R M

R A = I - (I - (I - (I - R R (I - (1 - RS)2) RI)2) RM)2

RB = I - (I - RM)2 RD = I - (I - R A) (I - R B)

R D

ABORT AND DEORBIT SUBSYSTEM, RE LIABILITY BLOCK DIAGRAM
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Rp R C Rpc

RM = I- II- Rp RC Rpc R M [I - (I - RCH)]2 } 2

.._ CHUTE AND L..._

REEFER J

F RC H

R M CHLTE AND L

REEFER |
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CHUTE A N D L._.._

_ REEFER J

I .ORTARI--- Rc.
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-- REEFER
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I

I

I
I

I
FIGURE 88. RECOVERY SUBSYSTEM, RELIABILITY BLOCK DIAGRAM
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I
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FIGURE 89. CREW SAFETY LOGIC
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